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PREFACE 



While much has been written in connection with almost every 
iction or branch of electrical engineering, including dynamos, 
motors, transfoiTuera. cells, and appliances o£ almost every descrip- 
tJQD, the branch dealing with the subject of measuring instruments 
ied in electrical engineering has received little or no attention 
I the literaiy section of the electrical community. 
The fact that, without these measuring instruments, the ap- 
toliances just enumerated could never have been evolved, or, being 
(volvcd, couid never have been successfully utilized, constitutes, 
iJierefore. a sufficient reason for bringing the present work 
lefore the public 

Since the electrical engineering industry began to show signs 

rapid development, numerous types and forms of measuring 

isti-uments have been devised by different inventors. Jlany of 

these are now obsolete, having given place to instruments with 

inter refinements and on better principles. Though several 

lOf these obsolete types are extremely interesting, and, indeed, 

■instructive, they have not been described in the present work. 

KXf information reganling them is required, it will be found in 

[ the abridged patent specifications since about 1880. Only those 

I instruments in actual and extensive use at the present day are 

Vliere considered, and these form so large a body that it aeema 

|l>etter not to try to deal with the historical portion of the subject. 

I have divided the subject into chapters, each treating of 

^rent types or makes of instruments working on the same 

■.Jniuciple, and I have endeavoured to describe and illustrate each 

instrument as clearly and simply as pos.sible. Comparisons, which 

! at the best odious, I liave studiously avoided, and instead I 

lave opened each chapter with general considerations and an 
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enumeration of the advantages and disadvantages pertaining to 
the type discussed therein. The reader has, therefore, only to 
consider for himself which class or make of instrument is the 
best for any particular purpose. The opening chapter deals with 
general considerations relating to and affecting all types of 
instruments. In addition to the instruments used at present in 
this country, many Continental types will be foimd fully described 
in this volume. 

In conclusion, I wish to tender my sincere thanks to the many 
firms, whose names I have in each case mentioned when describing 
the instruments, for the very kind and courteous way in which 
they have supplied me with information, and in many cases with 
the blocks of illustrations of their instruments. I regret that, 
owing to limitations in space, and the large number of names, I 
am unable to enumerate them here. 

G. D. A. P. 

Yorkshire Colleqe. Leeds, 1903. 
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The controlling forces employed for this pui'pose are: — 

(1) The twist or pull of either a helical or spiral hair-spring. | 

(2) The toraion of either a metal or silk-fibi-e auspensiou. 

(3) The attraction of gravity. 

(4) The attraction of permanent steel magnets. 

(5) The attraction of an electro-magnet temporarily magnetizi 
by the whole, or a portion, of the current to be measui-ed. 

((j) The electi-Q-mngnetic action of curi'ents, induced by either 
permanent or electro magnets, in a conductor attached to the 
rotating system. This is commonly termed magnetic or Foucault 
damping. 

(7) The mechanical or air friction of a fan rotating with the 
system. 

Every iustruiiient is provided with one of these methods of 
control, 1-5 pertaining to am-, volt-, and watt-metera, ordinary or 
recording, while G and 7 refer only to electricity meters. It will 
therefore be well to compare the advantages and disadvantages 
of these sevei-al methods of control. 

The first is an extremely conimon and important form of 
control, of which there are two variations. The helical form of 
Bpring is used only on a few kinds of instruments and in one of 
the two ways possible, e.g. to control by an <WN/ii exteasion, as 
Trith the soft-ii-on plunger of the Kohlransch ammeter, or with 
the fine-wire mo\"ing coil of the Kelvin perioiiie integrating met-er, 
p. 248. When used thus it should be remembered that imy axial 
extension or elongation, within wide limits, is dii-eetly a to the 
force exerted. 

The control by toraion or twisting up of one end of this form 
of spring, relatively to the other, is employed in the instruments 
described on pp. 62 to 71, and when so used it should be re- 
membered that 



T/<e fom 



1 it directly cc to the angle of tortioii. 



The spiral hair-spring is largely used in instruments provided 
with a spring conli-ol, and the taw just .stated holds eijualiy true 
for the toj-sion of such a spring. Speaking generally, for the 
successful action of either foim of spring, but nioi-e especially the 
last named, the tutus should be uniforndy spaced, aud should not 
touch one another at any stage of their action. 
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The strength of either form of spring will be increased by 
detfrea«iug the number ol turns, or by Uicivasing the section of the 
material with ivhich they are woumi. 

When emploj-ing either type for the control of an eloctricat 

instrument it is highly desirtible, aiid in some cases absolutely 

necessary, that some hai-d and apringy non-nmgnetic material, siich 

aa phosphor-bronze, should be used to wind them with. This is due 

to the fact that, if made of steel, they ai-e liable to become strongly 

mtignetize<l and stick, or become sluggish iu their action. This, 

being indefinite in amount, wili vitiate the instrumental readings. 

The second form of conti'ol, viz. that of the wii-e or fibre 

r mspension, is restricted almost entirely to laboratory or stationary 

I instinmieikts for testing purposes. An example of this control is to 

t be seen in the instrument described on p. 144. An inctvatie in the 

|.#e«ti<m or dectvuae iu the length of the suspension will each in- 

» the torsional resistance of it. For a given suspension the 

I torsion is cc to the augle of deHection. 

The third form of contral, viz. the attraction of gi-avity, is 

I Tery largely used, and, wheu it can be applied, is one of the most 

latifffactory. It has the great advantages of being absolutely 

L constunt, and uf being a much cheaper form of control than any 

L- other. An instrument employing it, often termed a "gravity" 

instrument, is usually cheaper to make than one with any other 

method of conti-ol. The uiaiu disadvantage of the gravity type of 

inBtrument ia that any change in the quantity being measured is not 

readable quickly enough, owing to the oscillatory nature of tho 

[.motion of the moving parts, unless damped by a device working 

I oo the principle of number 6 or 7 above. Methods 2 and 3 

p. perhaps have the disadvantage that the instruments require to be 

[ very carefully levelled so that their pointers float exactly opposite 

l sero. For stationary work this, however, is no disadvantage. 

Tile fourth methoti of control is not much used now, but we 
I liave an instance of its use in the present-day insti-uraent described 
ton p. ftb. 

~; has the disadvantage that in the presence of powerful ex- 
lal magnetic fields the magnetism is liable to be temporarily, 
1 permanently, affected and changed, thus either temporarily 
' pennanently altering the sensibility and calibration of the 
L Itwtrnment without, pi-obably, the knowledge of the user. To 
, over this difficulty, the electro-magnetic control 
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devised. This, however, is objectionable; for, since the control 
consiate of soft iron suiTounded by coils of wire, through which 
the whole, or part, of the main current flows, sucli an infitrumeut 
exhibits a large amount of magnetic lag — creeping or residual 
magnetism — which will cjiuse it to read ditFerently aecording to 
whether the current is rising or falling. Further, in consequence 
of the residual magnetism, a reverse current sent for a short time 
through the instrument diminishes the subsequent indications for 
small direct currents. 

The two remaining methods of control mentioned on p. 6 apply 
only to rotatory measuring instruments, i.e. to the motor class of 
electricity meter, and will therefore be considered in the chapters 
dealing with such meters. 

Hag^netic Shielding.— Mention has already been made of the 
fact that some iustruments with certain forms of control are more 
easily affected by external magnetic fields than others. 

To get over this 
difficulty and disad- 
vantage, the moving 
or working parts, in 
the case of some in- 
struments, are covered 
liy a soft-iron band or 
Hiiielii inside the usual 
bi'ftss containing-case. 
More often, however, 
the internal parts are 
eucloserl in an iron 
case (instead of a bi-aes one), this being black-enamelled and having 
nickelled part«, with usually only a slit in tlie front for the .scale. 

The effect of the ii-on case is shown diagrammatically in fig. 1, 
which represents, we will suppose, an in.stniraent having internal 
parts I capable of being affected by outside magnetic fields M. 
With an iron case c of appreciable thickness, the lines of force/are 
unable to cross the iron and so get into the interior, but follow 
a path in the case a.s shown, thus in no way influencing the 
working of the moving parts i. 

We may now perhaps with advantage turn our attention to the 
consideration of the solenoids and actuating coils employed in 
electro- magnetic measuring instruments. Of these there are two 





itli hollow inteiioi's fir air cores, the- other with iron 



The former is usually termed a solenoid when its axial length 
[ is nut small compared with its diameter, while the latter may be 
lalled an electro-magnet. 

Solenoids. — When used for the purpose under consideration 
these are not usually long, and the complete calculation of the field 
" At any point inside the short helix is a somewhat difficult matter. 
For most practical purposes we have this formula for the magnetic 
field F at any point near the centre : — 



' 10 



!, however, there is no iron to guide the 






I where a = the current in amperes and T the turns per iniit length. 

In this connection it should be i-enienibered that the magnetic 

I fieM iuside a solenoid is strongest at its centre c, where it is 

practically uniform. Sim 

bnea of force they leak 

mt sideways, at or near 

ttie ends, and are there- 
fore more ilense at the 
[y aides S than near the 

axis A of the solenoid, 
iutly the field is 

stronger at the sides s 

than at A A. 

Thus a movable piece 

of iron extending the 

Ibole length of a short 
Molenoid will be attracted into the densest part of the field, i.e. to 

sides, whilst a short piece would move towards the centre. 

From fig. 2, which shows the approximate distribution of the 
field due to a shoi-t solenoid, it will be seen that the central 
intvrtial cross-section of the solenoid contains practically all the 
magnetic lines genei-ated by it, which is not the case if taken 
At the ends A A. 

For all sizes of solenoid, except when the diameter exceeds 
■bout half the length of the solenoid, the strength of field at the 
centre c is praclicolly independent of the diameter of the solenoid 
insicla 



H«ole 



Fig. S-lIagnelit: Field produfeil by a ! 
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Referring to the formula on p. 9, the immerical coefficiei 
4 j^ is II constant, and = approximately 1*25. 

Hence F = 1*25 a.t approximately, 

or F a A.T, i.e. the iimpe't-e turns, as this piwluet of I 
Amperes into the turns is callud. 

Ohvioiisly this product, and therefore the same field, can be 
obtained in any number of different ways, e.g. by a small current 
atui large number of turns, or by few turns and a large cun-ent. 

In the case of a solenoid or electro-magnet of a given length, 
woumi with a certain gauge of insulated wire, there is a practical 
limit to the number of layers for obtaining the maximum magnetic 
tield. This anses from the fact that, after a certain limit lias been 
reached in the number of layers, the resistance of the coils increases 
RO rapidly as to cause the current to decrease faster than the 
number of turns increases, with the result that the avipere tui-na 
decrease. This useful limit is reached when the outside diameter 
= twice the inside diameter of the coils. 

Maintaining these proportions, the field strength can then be 
altered by employing either a smaller or larger gauge of wire. 
In most ca.sos the length of covered wire needed to fill a certain 
bobbin would be required, and this can be at once obtained from 
a very simple relation, thus:— 

Let I. - total lun^li of insulated wire required to fill a given bobbin, 
d = diiinieter ot insulatfld wire (toveredX 

t = available length of wiuding snace between flanges of bobhit), 
D = available depth of wiuding Sfnce rndially, 
r ^ radius of a mean turn of fullj-wounil bobbin ; 

then L = ^, ■ 

If now n — tcital resistance of the wire on the bobbin in ohms, 
d^ = diameter of the bare wire, 
p = the specific resistance of the material of tbe wiie; 



With regard to electi-o-magnets, the cores should not only 1 
made of the aiftest and purest iron obtainable, but should also 
be the thickness of the winding in diameter to give the best 
results as regards strength for a given magnetizing foree applied. 

Electro- magnets for use with alternating currents should havu 
of the softest and purest iron obtainable, and in addition 
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these cores should be well laniiDated in planes parallel to the path 
o£ the lines, so that there in just no electrical connection between 
[ the different sections of the core. This lamination stops the 
xulatioii of eddy or Foucault induced cunents, which tend to 
low in planes perpendicular to that in which the lines flow, 
!. to that of tlie laminations. The blocking out of eddies prevents 
fee core heating excessively, which would othei^wise result from 
item, and makes the iron more susceptible to the rapid reversals o£ 
be magnetic field and alternating current 

An electro- magnet for use with alternating currents is less 

with a solid core than with a laminated eoi-e of the 

me dimenHions, owing to (a) the demagnetizing effect of eddy 

urrants, (i) their heating effect and consequent reduction of the 

Impermeability of the iron. 

It was stated ou p. 4 that the only difference between ammeters 

and voltmeters of the moving-needle, dynamometer, and induction 

el ectm- magnetic types, lay in the winding of their working 

[>leuoids, or magnets, as to gauge aud number of turns, and not 

their shape. Those employed in ammeters consist of a few 

nms of thick insulated copper wire or strip of low resistance 

' caiTy the main cun-ent, while those used in voltmeters are 

Vund with a large number of turns of tine insulated copper 

: of high resistance, and carry a very small or potential 

ent. 

The reason why ammeters must have a low resistance is that 
ley must absorb the minimum amount of \"o]tage, while volt- 
Bieters should have a high resistance so as to pass the smallest 
Bible current aud thereby not alter the potential difference 
Btween the points to which they are applied. Another condition 
' vital importance in voltmetei-s is that their resistance should 
invariable, whence the cun-eut flowing through them will 
dways be oc to the E.M.F. at their terminals. 

If a voltmeter is wound with T turns and passes a cun-ent A 
mperes when a potential difference v is applied to ita terminals, 
L the total resistance It of its coil will bo 



■here Cm = resistance of the mean tmii ; consequently 
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wheitce tho ampere turns 



The value of the product a.t. ie. the amp. tarns, in some moving- 
coil permanent- magnet inatmineutN averages about 300, whilst tJiis 
figure becomes about 600 for ammetei-s, and about 400 for volt- 
meters of the electixj-magnetic moving-needle type. Hence r,a can 
be obtained, and from it, by assuming an average value for the 
amp. turns, the diameter d of the bare wire to be used can be got 
veiy easily, 

Thus if 5ft = length of a mean tura, and s = sectional area 
of wire, then 



p being tho specific resistance of tlie wii 
ture; but 



at the working tempea 



VV=^/^S^^/^ 



The linear mea.sure of the different symbols being in the same 
units. 

Sources of Eitop.— We may now consider, briefly, the sources 
of error which are common to all, or nearly all, the ditierent types 
of instrument already mimed. 

Firstly, then, there is the error in the calibration, owing to the 
standnrds employed in the two cases being different. 

This error applies to all instruments, and cannot well be reme- 
died except by recall brat ion. 

Secondly, the errors due to friction at the pivots in all tj-pe-s o£ 
instruments which contain pivoteil parts. 

These can be minimized, though not eliminated, by making the 
weight of such parts as Buiall aa possible. 

Thirdly, errors due to changes of temperature in all types of 
instruments containing high -resistance .shunt coils, ie. coils passing 
potential currents, such as that of tliH electro-magnetic voltmeter, 
the tine wire coils of wattmetei's and electricity motel's, &c. 
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ThiB source of error being nn iiii|H)rtant one, we will now con- 
ider it id souie detail. 

Let c be the current in amperes passing through the coil of any 
Hectiical meosuinng instrument having n total torniiual I'esistaiice 
, with a fall of potential across it£ tt-niiinal8=v. 

Then since the scale of any amiiietev is graduated in terms of 

[ which = -, any variation of R due to temperature or otherwise 

>diices a corresponding and proportional one in v for the same 

due of C. Consequently the correctness of the scale reading of 

sny ammeter is independent of the variation of its resistance B. 

Ti»e case of the voltmeter is, liowever, different, for here the 

ale is graduated iu terms of v which = c . R. The reading of such 

1 instruiueut is essentially « c, which at a conalant volUige v is a j 

variable if R changes owing to alteration of temperature or other- 

Thus the accuracy of the readings of any voltmeter or instru- 
lUt containing a pressure or tine-wire (volt) coil, depends upon the 
istauce R of its coil, and will only he coiTect when that resistance 
B the value it had wheu the scale was marked. 
This will always be the case when the temperaturo of the coil 
I the same as it was at the tune of calibration. Hence, with such 
mis. the tempei'ature at the time of calibration should always be 
re fully taken and stamped on the instrument. 
The change of tempei'ature of a coil may occur in one, or in 
rth, of two ways; — Firetly, it may be due to the temperature 
; the (ilmonphere in the room; secondly, it may l>e due to the 
3 of the coil from the passage of the cun-eut and the conse- 
snt expenditure of energy in it, an expenditure which appears 
I the form of heat. 
The eoil, therefore, should be so constructed that its resistance 
8 not vary with changes of temperature. 

Now, every matenal, witliin a certain range of temperature, 

H its resistance by a perfectly definite amount on every ohm 

: each degree of temperatuiv, which is called its "temperature 

hefficient " a. Also, every material possesses a perfectly definite 

iBJstaDce, at constant temperature, between opposite faces of a, 

Hnch or 1-cm. cube of it, termed its "specific reaivtance" p, 

, for copper a is large and p small, while for such alloys as 

in, eureka, coustaulau, &c., a is almost nil and p very lai;g& 
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Hence, if the fine-wire coil is wouud with such materials or alloys, 
the temperature eiTor will be negligibly small. 

Since, however, by using such alloys, the rei]uisite total resist- 
ance can be obtained with a coil of very small compusH, the coil 
may heat excessively owing to there not being sufficient radiating 
surface for dissipating the heat produced by the energy spent in 
tile coil. This energy is a. c*k watta.^ 

The method employed for diminishing the heating error to a 
minimum, and making it practically negligible, is to wind the 
working coil of the voltmeter with copper wire so as to obtain a 
large magneto-motive force and 
Arf7Of7f70^y^^^s^w^^-v■^^^^c defli'ction with least energy 
^'J'^'^ Wiwte and P.D. across its ter- 

(iiiuals re-apectivuly, and to con- 
nect in series with this working 
coil, another, wound (say non- 
inductively) with such a mate- 
rial as mangauin so as to have 
a large radiating eurface. The 
If, then, v, volts produce a de- 



Fig. 3.— PHnclpl* omplojrfj for dlminlihlng the 



arrangement is shown in fig. 3. 
flection $ when applied directly to the working coil A B, and Vo 
volts the same deflection 6 when applied to the combination AC of 
which A and c are now the terminals, and if )*i)', = resistances 
i-eapectively of working and of extra coil; 

Then ^ = - ''' -■ 



\ may vary considerably, it is 
J practically remains constant 



Under these circumstances, though 
so small a fraction of rj that T^+', 
at all temperatures. 

A further advantage is that this principle enables high voltages 
to be measured when only a low-voltage instrument is a\-ailable. 
If a, ia tlie temperatm-e coeJic.it 



the 
then tlie 



if of the working coil a b, mid 
„ extra wil B c ; 
„ conibinatiou a c will be 



\)VT oliin per 1° C. 



I At tlie present day nil electrO'inagnctic Toltmeter oF tho pio ring-needle tjpB axj 
expend ac litllo a* 2'(l watW, and n uioviog-ooil p«nuaneat-mngnet iiutniiDOnt as Ifttle »■ 
tU tt watt iu thoir Sue.vtire coil circnita. 
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The negative sign is only used when the material of the extra coii 

Bc has a negative temperature coefficient, and then the aiim i\ + rj 
Iwill bc perfectly constant at al! teinperatures 



From the formula on p. 14 it at once follows that if 

r = I'eBisUQi'e uf voituieter mid v any reading iu vults at the time of calibration \ 



Further, if t aad t be the temperatiu'e in degrees C. at wliich J 
p and R are measured respectively, we have 

R = r {1 + -(r-OJ. 

Compensating: Devices. — Compai'ativcly few instrtimenta will, 1 
urith the same scale graduations, measiu-e accurately direct or alter- 
nating cuiTents, and P.D.'s of any periodicity. Examples, however, 
such measuring instruments are described on pp. 62 and 72. 
Those which are capable of measuring both kinds of current, but 
require a slight alteration in their construction, or a compensating 
;vice, are the moving-needle electro-magnetic instruments. 
One method of compensation employed in ainmetei-s and volt- 
meters is to fihunt the workiug coil with an inductt\"e choking 
coil, which, with contiuuoua cuiTents, shunts off some 5^ of the 
cuiTent from the working coil. When the instrument is used for 
alternating eurrents the choking coil, by reason of itfl inductance, 
lates a back E.M.F. iu its own circuit, thus allowing only some 
J of the current to be shunted, leaving the additional 3°^ for 
i working coil, which ia sufficient to raise the readings to the 
ect effective value. 

1 choking coil may merely consist of an ordinary solenoid 
on a well-laminated soft-iron wire core of about 21 times the 
«igth of the coil. The protruding wires of the core are then bent 
Mck over the outside of the coil and interlaced so as to form a 
I magnetic circuit for the lines to flow in. The coil is then 
y connected in parallel with the working one of the instrument. 
"his is merely an adJition to the ordinary direct-current instrument; 
ind with regard to alteration of construction, the only thing done is 
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to reduce the nmouiit of iron in the moving pnrt» to a niinimum 
and to hftve it of the softest and pui-est possible kind. Wheit; 
possible, insulating or uou-metalHc and non-uiagnetic material 
should be substituted for all metallic pai-ts of the instrument: 
and when impossible, such metal parts should be slotted to reduce 
eddy curreutM, 

Another method of compensating alternating -cun-ent electro- 
magnetic amuietei-s to read coiTectly at any periodicity, consists in 
winding ou the ammeter bobbin two or three thousand turns of 
very Hue insulated copper wire having a high resistance. Over 
Una is woimd the ordinary thick winding of the instrument. 

This fine-wire wimliug is connected to the terminals of a con- 
denser o£ suituble capacity; and, by vaiying this and the number 
of turns on the fine winding, the instrument can be compensated 
within extremely close limits, so as to rejwl con-ectly for all 
periodicities up to, aaj', 130, and also for continuous currents with 
one and the same scale gra<luation. The action is as follows: — 

The alteruatiug current in the main coil induces a current in 
the fine-wire coil, and this, by reason of the action of the condenser, 
creates a magnetic field wliich is in phase with that given by the 
main coiL 

This auxiliary field increases with increase of periodicity, while 
that of the main coil diminishes, though less rapidly; thus, an 
instrument which has this device, 
and I'eads correctly on direct-cur- 
rant circuits, will, when used with 
alternating currents, have the in- 
duction inside raised to the same 
mean effective value by this com- 
pensating device, whence the scale 

iiiuciiulomeBaure j.(.a(Jiiigg ,^1 ^Iso be COlTUCt with 

alternating as with direct currents. 

The same device is also applied to voltmeters with equally good 
results. 

By another method, entailing the use of a very small trans- 
former, direct-current voltmeters of the class above mentioned are 
also corrected for use with alternating currents so as to rciad 
correctly at all periodicities up to about 130 ~ per sec. Fig. 4 






impeuiotiuK Device 



AlUtnaUnK Ci 



indicates the aiTangement. 

The primary P of this transformer i 



placed across the mains 
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M and the secondary s in series with the working coil c of the 
instrument, T T now being the voltmeter terminals. 

Then matters are so adjusted in regard to the ratio of the 
voltages of P and s that the E.M.F. of s just neutralizes the back 
E.M.F. of c due to its self-induction wlien used with alternating 
cun-ents; and then c acts as though it had no inductance, at the 
same time passing the same mean current as passed when con- 
tinuous currents were used. Hence the voltmeter reads the same 
for alternate as for continuous currents. 



B 



CHAPTER II 



MOVING-NEEDLE ELECTKO-MAGNETIC INSTRUMENTS 



We shall in the present chapter confine ourselves to the first 
of the four different types o£ electrical measuring iustruineDts 
constituting the electro- magnetic class, viz.: — 

(a) The moviug-needle type. 

(6) The moving-coil — dynamometer type. 

(c) The moving-coil — permanent- magnet type. 

(d) The induction type. 

The moving- needle type compiises nil instruments in which a 
piece of soft iron, free to move, is sucked or attracted from a 
weaker to a stronger part of the field due to a main solenoid, 
suitably wound. 

The controlling force used may be either gravity or that due to 
a spring, or in one oi- two instances that of a permanent steel 
magnet {vide p. 55). 

With some slight modifications, this type of instrument can 
be used for alternating-current work as well (vide pp. 29 and 59), 
the principal advantage Ijnng in the simplicity of construction. 
The errors mentioned on p. 12 apply to these instruments, and iji 
addition they are liable to eri-ora due to — 

(1) The altei-ation in the strength of the permanent magnet in 
cases where this is used as the control (vide p. 55). 

(2) The .sensibility of the instrument being lempoi'arily altered 
by external magnetic influence; this is minimized by the magnetic 
screening mentioned on p. 8. 

(3) The alteration of periodicity in alternating-current instru- 
ments, compensated for as indicated on pp. 2!) and 37. 

(4) The change of temperature of the instrument in the case of 
voltmeters. The method of minimizing this is given on p. 14. 

(5) The same current giving different deflection, depending ou 
■whether it is i-ising or falling. 

In some in.«truments having comparatively massive moving 
needles of hard iron this last error may amount to as much as 
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20 to 25 pel' cent. In such cases the deflections with decreasing 
currents are always higher than for increasing currents of tlie same 
actual strength, owing to some of tlie magnetization set up at the 
higher currents being retained by the iron in the form of residual 
magnetism, whicli consequently assists the lower magnetizations of 
smaller cuiTents. This error is well illustrated by the following 
table of readings, taken with a weli-known direct- current voltmeter 
of the moving soft-iron needle form, the standard employed being 
. nioving-coil permanent- magnet voltmeter which can show no 
1 sucli error as No. 5 above. 



1 

line ^^H 







Hearting on .S.a».L.r<l, 








AHenillnR. 




111 


10 


12-5 


ao 


20-1 


24-5 


30 


311-3 


36-0 


41J 


JO'O 


40-9 


fit) 


W)-2 


5(i-(J 


BO 


fH)-3 


04 '8 


70 


7U-6 


73-1 


80 


80-9 


fll'9 


90 


90-8 


90-8 



It is seen from these readings that this iiistmment reads 25 
I' cent too high at the lower readings after the voltiige had been 
iduced from the maximum. In fact the voltmeter may cori-ectly 
i said to be a moat unsatisfactory instrument in this particular 
It is not the case, however, with many instruments of this 
w, which often show quite a small "magnetic lag"- 

I moving-coil di/namometer type is eminently suitable for 
utcrnating-current work; for, containing no iron in the working 
nrti), it is independent of vivriation, of periodicity, and in most 
\ of "wave form" of the circuit. It is equally accui-ate on 
lithur direct- or alteiiiating-current cii-cuits; but is subject to 
"2 above, in addition to those enumerated on p. 12. The 
Ktntrol employed is necessarily that of two springs, set so that 
• uncoils as the other coils, thereby avoiding alterations of zero 
liraugli changes of temperature atTecting the springs. 

The main advantage is that this type contains neither iron nor 

mancnt magnets in its working parts. 

r/tc Tiwving-cuil 2)erniaiient-ma'jnet type is ajipUcable to con- 
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tinuous currents only, and lias necessarily a spnng conti-ol, while 
a larger doflectiiig toi'quc is obtuiued with this than with any 
other form of electro-magnetic iustruiueut. 

Its possessing a permanent magnet has been urged a-t an ob- 
jection agftinyt this type. Sucli objections are rather imaginary 
than real: for, with the present methods permanent magnets can 
be made to retain their original strength almust from year to year. 
This constancy of the permanent field is obtjiined by a veiy careful 
process termed "ageing"; but undoubtedly a possible source oE 
error may lie in the partial demagnetization of this magnet, causing 
an alteration of sensibility. This type is subject to error 4 above, 
in addition to the errors not«d on p. 12, but it lias the important 
advantages of being dead-beat, and of having uniformly-divided 
scales from end to end. 

Ammetere of this type have the advantage of the simplicity 
afforded by the potential system of measuring current, though 
erroi-s are liable to ci'eep in hero unless guardt:d against, owing to 
temperature not affecting the shunt and instiniment parts pro- 
portionally. 

T}i£ indactiun type is an instrument of very recent origin, and 
possesses some important advantages: — Bi-atly, no electrical con- 
nection is needed to the moving parts; secondly, these moving 
parts are of the simplest description. 

Such instruments are subject to errors 3 and 4 above, in 
addition to the errors noted on p. 12. They have a spring control 
usually, but in some cases a gravity conti-ol is employed. 

We will now proceed to consider the well-known forms of the 
electro-magnetic class of electrical measuring instrument, and for 
this purpose eivcli will be treated (juite indepemii.'utly of the other. 

The Atkinson Ammeters and Voltmeters 

These instruments, supplied by Atkinsons' Testing Works, 
Cardiff, have a gravity control; and they possess many important 
features not embodied in other instruments working in almost, 
precisely the same way. Their construction, whicli is of a dis- 
tinctly novel nature, will be underetood from a reference to the 
part sectional elevation of the instrument shown in fig. 5. The 
moving port, comprising what we may term the needle aud pointer, 
uists of a sealed glass tube G of the form of an ordinary test- 
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tube sealed at the top D. Tliis con- 
tains an hydrometer or float F. into 
the stem and body part of which is 
fixed a soft-iron wire or needle N. 
The Hoat f is immersed, and is 
I capable of mo\'ing up and down, in 
i liijuid L having a constant density 
I at all temperatures. Tliis is oljtuiiied 
I by the use of a saturated solution of 
a special salt of which a few crystals 
[ B are left in the bottom of the tube 
The particular salt employed has 
[ the property of dissolving out in 
lUch pi-oportion that by this action 
jie change in density of the liquid 
%>y change o£ temperature is com- 
Knaated for. 

The float f normally stands with 
ihe top of the stem just out of the 
liquid L as shown at H, and fits the 
mter tube (J 'luite freely. It is kept 
a contact or capillary sticking by 
liree glass points p on the buib, and 
lierefore floats centrally without 
touching. Notwithstanding this the 
(lagnifying effect of the outer glass 
bf *) and li'|uid i„ makes the in- 
picator lnuid a to appear as if it 
was of the full diameter of the 
uter tube o. The pointer or in- 
ntcator of these instruments cimsists 
pF u band A having white and lilnck 
Mtrts meeting, and the reading is 
^ken at the point where their 
suclion strikes the scale. The outer 
lobe o can he raised or lowerori hy 
8 of the milled-headed screw 711 
i the band a thus adjusted to zei-o. 
This luvnd, which is the only 
of the moving float that is 
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visible when the tube o is in the instiiimeut, has the advantage 
of being plainly visible at a. piiater distauce than the ordtnaiy 





form of instrument pointer. The glnns 
tube o is placed inside the main bi'ase 
tube T of the instrument so that the 
die N protrudes about I inch into the 
lower end of the working solenoidal coil 
c which carries the current, the surface 
of the liquid being at E. A frame S 
carries the graduated scale and one side 
a sliding index I capable of being placed 
opposite any dewii-od reading of the scaJe. 
The action of the instrument in at once 
obvious. When a current flows round the 
coil c, the iron needle N and its containing 
float F are sucked up into it. against the 
amount whicli is a measure of the current 
will be seen that by tliis ingenious dQTii%, 
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f witlioot tlie use of costly and delicate jewelled pivots, a damped i 
[ or dead-beat movement of the moving part of the instrument is 
I obtained which is practically free from all friction. The instru- 
I menbs axe shielded hy an iron case from external magnetic fields, 
I and are made for almost any cuiTent or voltage, and to fix to a 
I 8witch-boai-d, their total height over all being 18 iiielies. Fig. 6 
I shows the tube G with contents from an actual iustniment, while 
K£g8. 7 and 8 show the general fonn uf a complete ammeter and 
ffoltmeter respectively. Fig. 9 shows the separate high resistance 
1 in series with the voltmetei's, with the flexible wire to make , 
nnnection. 

Pocket Ammeters and Voltmeters 

It is sometimes necesaary, particularly fur the smaller classes 
Sof work, to have small portable instruments which can be caiTied 




about easily. A form suitable for this purpose is that shown in 
figs, 10 and 11, the former indicating the internal construction of 
the instrument, in this case an ammeter, and the latter the general 
appearance with scale in position. As seen in fig. 10 the instru- 
ment consists of a curved tapering soft-iron strip, carried at its 

nder end hy a radial arm on a spindle running in jewelled centres. 
The pointer is fixed to the spiudle, which is controlled by the 

Ipiral hair-spnng seen in the centre. The curved plunger is sucked J 
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into the curved solenoid seen at the upper part of the cnse, 

a deflection depeii'ling for its niaj;nitude on the current strength. 

The terminals of the instrument, fig. 10, i.e. of the fixeii curved 
coil, are shown at the bottom of the case and at the top, wliich may 
also serve for the ring to attach the watch-chain to if necessary. 

Fig. 11 shows a voltmeter of the same type in which the 
terminals are both at the top. The only ditfei-ence in construction 
between the ammeter and voltmeter being that the voltmetei- coil 
is wound with a large number of turns of fine wire in place of 
a few turns of thick wire, as shown in the ammeter, fig. 10. The 
instrument will go quite ea^iily into a 
watch-pocket; and, as is seen, ha,s a fairly 
open scale of divisions. 

Kelvin Ampere and Volt Gauges 

The.se ammeters and vultiiieters possess 
a soft-iron plunger for the moving part, 
they are dead-beat, and liave a gi-avity 
eunti-ol. Owing to their moving magnetic 
system Ijeiug always vertical, and to the 
intense field set up by the working solenoid, 
they are found to be but little affected by 
extei-nal magnetic fields. 

The construction and action will be 
undei'stood from a reference to the sym- 
bolical sket<^h shown in fig. 12, It consists 
of a vertical slate back or base (not shown^ 
to which is attached a special form of 
solenoid or coil c, wound with wire in the 
email ranges, but for larger cun-enta built 
up of copper plates witli mica insuIatitA 
between them, and with its hollow interior 
vertical 
'" A brass bearing plate E supports a 

balance frame f, one side of which can-ies a thin soft-iron wire 
plunger 1 1 about 20 cms. long, the other an arm a, from which 
hangs a brass counterpoise weight B. Knife-edge hooks K support 
the balance at such a distance below the coil C that the top end of 
the core I is slightly entered into the coiL A brass weight w 







jeferoDce to tig. 14. 
I seen, thi.^ aoft-ti'OD' 
!r is sucked 
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tluiDgs from the lower end of i 
J Mid thus always keeps it ver- 
[..tical, pi-eventing it from being 
I Attracted again.st the sides of the 
lollow coil c. 

The light pointer P Is attached 
> the side of the frame F whieh 
jbrnis the axis of turning. 

A dashpot d containing oil 
I placed below the plunger and 
nreigltt w, and a light disc hung 
i-froni the latter moves up and 
L-down in the oil, giving an aperi- 
idie motion to themoving system. 
"his type of instrument can be 
Uibrated for either direct- or 
Mtcmating-cuiTeut use. 

Fig. 13 sliows the general form 
f an ampere gauge for 200 amps. 

Kelvin Ampere and Volt Gauges (Sector Pattern) 

These instruments also 
■ork on the solenoid and 
lOving - plunger principle, 
and have a gravity control. 
Tliey are pi-o\'ided with a 
dftrnping arrangement siiiii- 
,r to the one descrilied in 
mnection with the Kolvin 
LUgea, which are \i'i\- 
fnmilar to the sector piitUTii 
tinder consideration. 

The conatmction of tlii.^ 
Ivin sector- pattern gauge 
1 be understood from a 
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i INSTRVMENTS 



a fine wire which passes round a eector-sliaped balance arm, hung 
by means of hooked knife-edges from a, fixetl bracket ami, in the 
wanner indicated in fig. 12. The weight of the pointer, sector, 
and phinger is balanced by a knob whicli screws on an extension 
of the ««ctor at tlie othei' side of the axis of turning. 

A plummet line, Been to the right of the balance Hector in fig. 
14, enables the instrument to be carefully levelled. The coil is of 
special construction, giving a very strong and miiform field in it« 
interior, and thereby enabling a scale of almost equal di^'isions 
throughout to be obtained, and reducing the effect of external 
magnetic lields to a minimum. 

As in the caae of the other form of gauge, the frictional error is 
reduced to a minimum through the employment of hooked knife- 
res instead of jewelled centres. 



Electro-HagTietlc Ammeters and Voltmeters 



These electrical measuring inatrmnents, supplied by Messrs. H. 

Von Kramer & Co., Lower Weston, Bath, work on the moving 
soft-ii'on needle and solenoid 
principle, and have a spring 
control. They are very similar 
to those described on p. 57, 
and the conHtructiou an<I action 
will be undei-stood from a. 
reference to the perspective 
drawing, fig. 15. c is the 
working solenoid, having a 
cylindrical aperture thi-ough 
its centre, and wound suitably 
for current or pressure pui'- 
poaes. Fixed iubide this aper- 
ture is a small thin soft-iron 
strip A B bent and shaped as 
shown, but which, when de- 
, or laid out flat, would form a triangular sheet having 

its apex at b. 

The wide end A of this strip is bent so as to project nearly 

radially inwai*ds as at A. 

Pivoted concentriaiUy with c in jewelled centres is a light steel 



i 




rig. iD.- 



nt Working Fsrte 
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pndle s, to nliich is fixeJ a pointer P, and t 
|ate, vaue, or needle N, When p ik at zero c 
tovable needle n 



kll thin soft-iron I 
the scale d. the J 




|Dd plate A are close 
jether and nearly 
Iftnillel. When, 

wever, a cun'eut 
1 thi-ough the 
solenoid c, they de- 
velop like polarity 
at the same end and 
repulsion ensues, 
the nee<lle witii its 
win terbeingdriven 
wards the apex 
I of the fixed tri- 
jular strip where 
e repelling action 
If not so great 
Its motion is 
mtrolled by a non- 
[netic spring (not shown). A b and n are made of the softest ] 
t obtainable, in order to i-educe hysteresis errors to a i 
Ig. 16 shows the general appearance of a complete instrument o£ 
9 construction. 



The "E.E.C." Universal Ammeters and Voltmeters 

These instnimeuts, niiule by Messrs. Everett, Eklgcumbe, & Co,, 
I London, have for the moving system a soft-iron needle. They i 
, gi-avity conti-oi, and ai-e fitted with an aii'-dauiping i 

Pig. 17 shows an elevational diagram of the arrangement in a ' 
^tmeter of this type. The actuating or working solenoid or coil 
[in this ease wound with fine insulated wire, is supported on a 
icket or frame F with its magnetic axis vertical. The coil is of 
Ir specially flat shapo in order to gi\'e as concentrated a field as i 
poBHible with a minimum waste of energy. For ammetei-s abovi 
20 tunperea the coil is wound with bare coppc'r strip, each turn being 
^Jmuloted from the next by tape. The moving-needle plunger N 
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fttely as 1 
jewelled I 



consifits of a very thin soft-iron plate, shaped approximately t 
«hown, and carried on a horizontal spindle running in jcwe! 
centres. These centres are earnisd by a lug at the back and the 
arm a in tlie front, in each case cast on to the frame f. The 
needle N ia capable of Iwing sucked up into tlie narrow slit forming 
a hollow space through the interior of the coil c. 

To the spindle is rigidly attached tlie light pointer p of 
aluminium provided with a balance- weight b tarried on a short 




extension of p. Tliis weight is for the purpose of Imlaneing the 
weight of p and N. A high non -inductively wound resistance R ia 
connected in aeries with the working coil c, and is placed at the 
back of the instrument, being so wonnd that it can ratlmte any heat 
generated in it, fi*eely. Thus R and c are in simple series with each 
other aci'oss the teiTninals T, Tj of the instrument. A very thin, 
lai'ge-sized, aluminium vane v is attached to the pointer p with its 
plane perpendicular to that in which the pointer moves, which by 
its cushioning action on the air produces a fairly good dead-beat 
motion of the pointer and its moving system. 

The whole of the internal fittings together with R are mounted 
on a higldy -insulating back or base, and are enclosed in an iron 
case which protects the woi'king parts from external magnetic 
influence. The action of the instruments hardly needs explaining, 





iiiiplete "E.B.C." Voltmeter 
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and consists merely in the coil c HUcking the soft-iron plate n u 
ag&iimt the force of gravity hy an aniouDt pioportioual to tlie" 
strength of the cmreiit 
in the coil, the position n' 
being the final one for 
tie needle correspond inji 
p a little over a full scale 
teflection of P. The iii- 
Ibrumeut is providedwith 
k special device for en- 
bling it to read correctly 
frhea used for both direct 
jbd alternating currents 
Indiscriuiinately. This 
Kinsistfi of a suitably 
proand choking coil n 
wut li inch long and 
inch diatn., connected 
i a shunt to the working coil c. The choker merely consists oV 
i bobbin of fine wire having an iron core composed of fine wires w, .1 
Irbich are Iwnt over as shown to complete the uiuguetie cii-cuit. 1 
Fbis choking coil with tiii-ect ciir- 
eiit« ahiinta off say 5 per cent 
f the current fi'om c, but with 
llternating currents only some 2 
per cent, leaving the additiiinnl 
3 per cent for the coil c. and ao 
raising the readings to the coi- 
reet effective value. 

Fig. 18 shows the general 

appearance of the voltmeter, and 

, 19 of an ammeter of this 

and from these the kind 

E scale obtained is easily seen. fi«. i'.i.~cut 

he difference in front appear- 

) represents two grades of manufactui-e i 
; iron in the soft-iron plunger is a» small as possible, and isi 
the Bofte-st description, thereby reducing the hysteresis to » I 
nimuni. The shape of the coil is such that its self-induction is 4 
ill, and also that stray fields have little or no effect on 1 




srely. The amounfrX 
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the readings of tlie instruinent. The makers claim, therefore, 
that, for all practical purposes, the instriiment-s can be used 
indincri minutely for direct or alternating current, the difference iu 
the i-eadiugR for the same current strength in the two cases being 
said to be not moi'e than 1 per cent. 



The Harrison Ammeters and Voltmeters 



These instrumenta, made Ijy Messre. Everett, Edgcumbe, & Coj 
of London, possess a soft-iron needle for the moving part, and 
have a gi-avity control. 

Their construction is very simple, as is shown in fig. 20, which 
is an end elevation, and in fig. 21, a side elevation of the tubular 



™ 




plug containing the moving part. The tubular plug fit-s inside 
the hollow solenoid or coil, t is a brass tube pro^'ided with a 
disc D at the front end, and a cross bar at the other, each carry- 
ing a jewelled centre. 

Between these two centres works a steel spindle u B, which 
carries the pointer p at the front enrJ, and a soft-ii-on rod or needle 
x s iu the middle. 

In the tube T are fixed two soft-iron attracting rods a a, and ft 
repelling i-od It. placed as shown relatively to one another and to 
the moving i-od N s, which latter, as well as the jjointer, moves 
through an ai-c of about 100". 
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The action of the inatniment will now be obvious. When a 
current passes round tlie coils which surround the tube T— A A, B, 
and N S are magnetized and develop the same pulnrity at those 
enda which point all one way, as shown tig. 21, consequently ss 
and R repel one another, wliile A A attracts NS, the resulting scale 
being nearly uuifonu. 



I 
I 



Siemens Bros. & Co.'s Ammeters and Voltmeters 

These i astro nienta, made and supplied by Mcssi-s. Siemens 
Bros, and Co., of London, possess a moving needle of soft ii'on and 
a p^vity control. They 
are dead-beat, and are 
also shielded ti-om exter- 
nal magnetic influence. 

The principle on 
which they woi-k will be 
seen from & reference to 
fig. 22. 

The moving system 

of a thin soft- 

in pear-shaped plate I 

oted on a horizontal 

lindle s running in 

iwelled centres. 

To this spindle s is 

attache<l a light 

inter f and a liglit 

bent as shown, 

il carrying a light pis- 

D. which works in a 

ir^'Bti air- tube T. 

This tul)e. T is closed 

the end b but fully 

■n at the other a, and 

litutea the air damping de\'ice for making the iustrument 
Ld-beat. 

Fig. 23 shows a photo of the moving system complete by itself, 
iprisiiig the soft-iron plate oi- plunger, the pointer, spiudle, and 
irved rod carrying the piutoQ disc at tlie end. 
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MOVISri-NEEDI.K ELECTRO-MAGNETIC INSTRUMENTS 

All ainnietei-a of thia make for 350 amperes and upwards are 
supplied with a current -reducing transformer, no that only potential 




ng. 25.— Iol«rlur, with Uagnetii: SbJi 

( hre reqiiii-ed from the wcoudar^- ol' tJie trannformer to the 
truutent, the primary or cur- 
nt coil being in series with 
I of tbe luaina 
In tJie case of voltmeters for 
p!voltagt?8 obove SCK) volt« a trans- 
former is also supplied, whidi 
n-iiuces the pressure at the in- 
_ strumeut to 110 volts. 

iThe "Evershed" Ammeters 
and Voltmeters 

Messre. Evei-shed and Vijf- 
i. of London, make instru- pj ^ 
ntfi having a gravity con- 
, and which can be supplied either 
t " action. 
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ELECTRICAL MKASfRING INSTRUMENTS 



Fig. 27 gives a perspective view, showing the principle on which 
they are constructed, and work. 

A thin bra^a tube T, about 2 inches long and ^v i<^ch diameter, 
ia closed at one end by a brass disc B which carries an agate centre 
E concentric with it. 

The front end of T terminates in a brass ring R, to which is 
screwed a bracket arm /, carrj'ing the front agate centre v. 

Round the outside of the tube T, and about the middle of it, is 
wrapped a thin soft-iron sleeve M K, about 1 inch wide, the ends of 




MovlriB-nMrtls Iiutrnment 



which are necked or tapered down an shown at h and A to about 
■^ inch in width, and approach one another to within about -^ inch. 

Tlie ti-ue cylindrical part of this sleeve does not form quite a 
half cylinder. 

Pi\'oted concentrically with T, and between the agate centres 
E and V, is a light steel spindle s carrying about its middle region 
a thin brass disc d. To the edge of D is soldered an almost half- 
cylindrical tube or plate of thin soft iron N, shown shaded and 
about 1 inch long, i.e. about the same width as the fixed part M. 

The spindle s also carries the pointer p at the fi-ont end, and a 
Iglwice-weight b. 




MOVING-SEEDLE ELECTRO-MAfJNETIC I 



The whole of this arrangoment of tube T and sleeve H k ia J 

^dipped into a coil or solenoid c c, wound on a bobbin some 2 inches 1 

long, which is energized by the voltage or current to be measured. ' 

Three small metal -threaded screws w fix the ari-angement to the i 

uge of the coil c. The tube T is shown cut away, for the purpose | 

depicting the interior more clearly, but actually it is nearly 




cloHed except for a narrow atrip cut out to enable the moving \ 
ne4MiIe n to be seen and atljuated more easily. The action of the i 
instrument is as foIlows:^ — The fixed sleeve m k ofFera a variable ' 
path to the magnetic lines that are produced by the euiTent which 
flows axially through the coil c, while a certain amount of fi-ee 
magnetism is set up at ha. Now, when the pointer p is adjusted 
to swro for no current in c, the edge x y oi the moving needle N ia 
juat a trille above the gap at ua. When, however, c is energized 
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by the voltage or current to be measured, N is attracted so as to fill 
up the gap and recesses formed by the taperiiig of M K towards 
H and a, and the amount of turning depends on the strength of the 
cuiTent flowing in c, which Js therefore indicated by the deflection 
of P on the scale (not shciwu). 

The moving needle N and fixed sleeve M K are of coui-se close 
togetlier, and the action conseijuently when a curi-ent flows is, that N 
tricH to form witfi M K a truly cylindrical iron tube, and this results 
from the repulsion of like poles set up in N and M K, the senii- 
cylindrical portions of which nearly cover one another at the start. 
It will l>e seen from fig. 27 that the relative positions of N and 
M K are such that the gaps about H and a are nearly closed and the 
pointer p conswiuently nearly at a full-scale deflection. 

The calibration of the instrument depends on the shape of the 
tongues H and a of the fixed sleeve M K, and also on the relative 
poeitiuns of this and n at starting. 

In this way the scale 
can he made to have long 
divisions throughout any 
I'egion of the entii-e i-ange. 

This type of Evershed 
instrument is supplied with 
or without a " dead-beat " 
arrangement patented by Mr. 
Evei-whed, and shown in figs. 
2>i and 29 which represent end 
and side elevations of it. This 
consists of light atumiuiura 
vancK canied and rotated by 
thespindle a which isextended 
forthepui-pose. The.ie vanes 
move in a praoticaliy &\r- 
ng.3o-r..i..i,i.i.Ev.r,,iK.,iAmmet*roMWo,„i™avmd t'^''^ chamber and greatly 
damp the motion of the 
moving spindle, making it almost aperiodic without the inti-oduction 
of any mechanical fiiction. Fig. 30 shows a general view of one of 
these instnimenta complete, fram which it will be seen that a nearly 
uniform scale graduation ia obtained after the first few divisions. 

In the instruments intended for use with alternating currents, 
a separate compensating device is provided for the ammeters and 
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I ■voltinetei'8, the object soiip;ht to be att-ained being the same witi^l 
I each, namely, to enable the instninient to be used indiseriuiinatelyJ 
I on alternating and direct-current circuits with the same scale. 

In the ammeters, the compensation, which is sufficiently cloee | 
I to the desired result for all practical purposes, is secured by an 
1 inductive shunt on the main coil. In the voltmuters, the self-induc- 
I tion of the circuit is neutralized by shunting it with a condenser. 

Methods of compensation are, however, consiilered more 
' detjiil on pp. 15-17. 



The "N.C.S." Ammeters and Voltmeters 

TTiese possess a moving Hot't-ii-uu needle, have a jip-avity controlil 
land are made by Messi-s. Nalder Bt-os. and Thompson, of London. 




Klg, 31, -Working Principle 



Hotlng. Needle liutiu 



The principle on which they work will be undei-stoo<i from a-] 
reference to fig. 31, which shows the principal details in perspective J 
[elevation. 

Tlie coil or solenoid of wire c which is energized by the voltagfl J 
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or current to be measured is wound on a hrasn tube T. about 
IJ inch long ami ^ inch external diameter, represented with & 
portion of its side cut away to show tlie interior more clearly. 
Capable of being slipped into and out of t is a brass frame //, 
whicli carries the jewelled centres in which is pivoted tlie light 
steel spindle s, concentrically with the tube T. 

A round soft-iron wire w, of a special brand and about No. 8 
gauge, is soldered to the under side of the horizontal bar fonning 
part ol' the frame /, and I'uns nearly tlie full length of the solenoid. 

A rather smaller 
soft-iron wiie w,of the 
same special brand, is 
carried on an arm a 
and an extension of 
the jwinter p, by the 
spindle s, which also 
airries a balance - 
weight b. 

The frame / is 
easily removable by 
un.'^crewing a couple 
of screws d which fix 
it to the flange (not 
shown) of the bobbin 
on which c is wound. 
The action of the 
instrument will now 
be obvious. When no current passes i-ound c, and the pointer P is 
adjusted to zero on the scale (not shown), the moving soft-iron 
wire u- is parallel to and almost touching the fixed iron wire w, 
being at the left-hand side of it. When, however, the solenoid is 
energized by the voltage or current to be measured, w and w 
become magnetized, developing similar polarity at the same end. 
Hence repulsion ensues, and w moves away from w through a 
distance depending on the current strength. 

In the altera a ting-current instruments of this make W and » 
are made as small as possible, and sometimes laminated to minimize 
the effects of hysteresis and eddy currents lespectively. The bobbin 
on which the coil c is wound should also be slotted to still further 
reduce the generation of eddy currents in it For ordiniuy pur- 
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posea eadi instrument ia calibrated for tlie periodicity with which i 
it will have to work, but a special compensating diivice, comprising 
a choking coil, can be 
fitted, which euableH the 
instruuieiit to read cor- 
rectly with the same scale 
whether used with direct 
or aiU-rnating currents. 
Ttioiifjh nut supplied with 
all instruments of this 
make, an oil damper can 
be fitted, when desired, to 
make the motion of the 
pointer P dead-beat. 

Figs. 32 and 33 show 
respectively a complete 
N.C.S, ammeter and volt- 
meter, from which the 
kind of scale gi-aduations obtained can be clearly seen. The type of 
scale can, however, be varied to suit the requirements by altering 
the relative positions of W and w for the same zero position of the 
pointer. 

The " edgewise " form of instni- 
nient of this make is shown in Hg. 34, 
the only difference other than that uf 
shape being that the motion of the 
pointer, the end of which is bent at 
right angles to its stem, is observed 
in a plane [K.Tpendicular to that in 
wliich the stem moves. Fig. 35 shows 
the sector shape or fortJi of the same 
nuike with an electric glow-lamp 
b«*hind the dial for the purpose of 
illuminating it. 

Tlie principal parts and their 
iktive distribution in an N.C.S. '*^ " 

itro-uiagnetic moving-needle instiniment, provided with an oil 
damping device, is well illustrated in Bgs. 36 to 3S, which respec- 
tively represent an end elevation and a sectional side elevation and 
^^ctional plan. From a reference to these it will be seen that/ is 
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the Frame which supports the fixed pieco ot soft iron w, of a special 
brand, a,ni\ extending nearly the whole length of the hollow interior 
of the ftolenoid. 

This latter, in the case of ammeters, is wound to Borae 4(X) 
ampere turns, obtained with a few turns of thick insulated wire; 
while, in the case of voltnii-tei's. some 200 to 300 ampere turns are 
employed, obtained with a large numbtir of turns of fine silk-covered 
wire having a low teniperatui*e co- 
efficient, in onier to minimize errors 
due to variation of temperature. 

Carried on a light central steel 
spindle, which runs in jewelled 
centres supported hy the frame /, 
is the soft-iron wire needle «', 
made of the same special brand of 
iron ami of about the same length 
as the fixed piece w. 

The pointer P, balance ami, 
and weight b are also fixe<l to the 
"^^^^^ /l^^l spindle. The positions of the fixed 
^^^^^^k 1^^^^ and moving iron needles in the 
^^^^^^B v^^nj hollow core of the solenoid, when 
l^^^^^^l |^^|^9 the painter ie at zero, varies in 
\,^^^^^^V i^^^ both ammetei's and \'oltmeters, in 

\^^^^^^^^^ order to obtain the retjuisite scales. 

In an ammeter, practically an 
evenly-divided scale from end to 
end, having a tenfold i-ange, is obtained, and in a voltmeter a 
somewhat tapering scale, open at the top and having a twofold 
range. 

As a rule it is only necessary to be able to read the voltage to 
a small range on either side of the normal working value, and thus 
the variations are considerably magnified; the current, on the con- 
trary, in the case of an ammeter, should be capable of being read 
anywhere on the scale. 

The damping device used in these N.C.S. instruments of the 
Boft-iron moving-needle type consists (figs. 37 and 38) of a small 
bath of oil OP, tixed as shown at the back of the solenoid, in which 
swings a light aluminium vane v carried by the moving spindle. 
By this means an almost aperiodic motion of this latter is obtained. 
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I HOVISG-SEEIILE ELECTRO-MA r.NETlC INSTlifMEKTS 

The voltmeters of this type and make alisorb very little power J 
owing to their high resiataiice. 

In the case of all voltuietei-s reading above 350 or 400 volts, oo 




lis BliviUon uf Dnd-lint 
"X.C.S." UovinK-NKdU [nrtramuil 
Pin 33. — n>a at DraA-bat "N.C.B." 
Muvlng-NKiUe Id 

extra and aepsrately endosed ] 
resistance in sent with the 
instrument in order to avoid 
too many watts being spent 
in»i<li' tile instruiiient, where the amount of radiating surface is 
necessarily limitud. These instruments are designed so as to l)e 
caj^abk' of standing a considerable overload for short periods with- 
out the risk of <1aniaging the winding through oxerheating. 



The Holden, Drake, and Gorham Ammeters m 

and Voltmeters 

These instrumonU posae^is a moving soft-iran needle, and are 
provided witli a spring contml. Their construction ia simple, and 
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will be understood from a reference to fig. 39, which gives a 
perspective view of the chief parts, c is the working coil or 
solenoid having a soft-iron core I, one end of which i^ flush with 
the front cheek of the coil. The other end has attached to it a 
soft-iron angle-piece, the extremity s of which, forms the other 
pole of the electro- magnet c. The limb terminating at N lies 
along the outside of c as shown. To i is flxed a pole piece s. and 
a short spindle A is pivoted in 
jewelled centi-es between l and a 
brass bracket B screwed to the coil 
flange. 

This spindle carries a ligbt 
pointer of aluminium P, a phoa- 
phor-bronze hair-spring H which 
controls it, and a soft-iron wire w, 
which, when P is at zero on the 
scjile, lies parallel and very close 
to but not touching s. 

w is prevented from magnetic- 
ally sticking to s by a distance 
film of non-magnetic material. 

The action is as follows: — When 
c is energized bythe current or volt- 
age to bo uieasured, the pole pieces 
s and S above referred to. develop, 
say, south and noiih polarity re- 
spectively. Tlie moving needle w is 
thus inductively magnetized while 
the current lasts, developing S 
polarity also at its end. Consequently it is repelled from s and 
attracted to N' against the torsion of the controlling spring H, with 
a force proportional to the current flowing in the working coil C. 

The deflections of P on the scale (not shown) thus indicate the 
current strength. 

The general appearance of a complete instrument of this type 
and make is shown in fig. 40, from which it will be seen that the 
scale produced is nearly unifonnly divided between about 9 and 70 
ampei-ea 

Messrs. Drake and Oorham have recently introduced a slightly 
different form of instrument belonging to the moving-needle cloBBr 
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ill which the nctuating force is due to the attraction Hn*l repulMion 
between two tuagnt- tizeil short semi-cyliiidei-a of soft iron. 

The constniction ia Riniilar 
to the Hartinann atid Brauu 




instniraentfi, p. 51, of this class: the outer half-cylinder is fixed 
while the inner is movable, being mounted ou a light steel spindle 
to which the pointer is attached. 

When this is at zero on the scale, 
the outer half-cylinder nearly covers 
tliL- inner one; but when they Iteconio 
niagnetizL-d by the soleuoiil which siir- 
rounds them, the inner hatf-cylindi-r 
tends to move, against the controliinL' 
force of a spring or gravity, so as i.>> 
fomi B complete cylinder. The pointir 
thus takes up a position on the sciile 
corresponding to the relative position 
of the moving needle with regard to 
the fixed one. 

To minimize hysteresis errors in ^'**^ 

the instrument, the amount of iron in 
the moving anti fixed half-cylinders is reduced u 
and it is of the softest quality obtainahle. 

Fig. 41 shows a general view of the latest form of a Drakef" 




U BMrnar.M. ucAsmrxc isjfntmzvni 

Axvi Goriiam ammeter, hsving a short -cimittng lever or switdt 
for fthtmting the cnrrent post it. while 6g. 42 shows that of t 
voltni«fter from which the kiiKJ of vale graduali<»i is at oQce aeeo. 

The "DoUvo" Ammeters and Voltmeters 

Th«fle in.<itraments ar« coiistntct«d od the moring aoft-biB 
ne«dle principle, and have a gravity controL Figs, 43 and 44 
■bow the coDfltruction and arrangement of Ihe working parts, the 
/onner being a side view and the latter a &ont 





Referring to these it will be seen that the instrument 
of a working solenoid or coil a. placed with ita magnetic axis 
vertical (the lower portion being shown cut away). 

R*-hting on the top flange of the coil o, and screwed to it, is a 
brawi Hy)indle frame b, between the standards of whicli ia pivoted 
a light steel spindle c running in jewelled centres. To this spindle 
i« attached the angle-piece carrj-ing the pointer / at its extremity, 
and in addition the moving soft-iix)!! core e. which consists of a 
bundle of tine soft-iron wires, nickel-plated to prevent oxidation. 
Two liaknce arms and weights d serve as a counterpoise for / 
and f respectively, g (tig. 43) is the scale over which the pointer 
/ movcH. The iron needle e, being suspended freely from the 
drm which carries it, ia sucked into the coil a by an amount 
{pending on the strength of the current or voltage energisiDg the 
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cwil; and the pointer / takes up « pa^itiou ou the scale g corre- 
spmding to the amount of suction. 

Tfie weight on the spindle c is small, as the core of fine wires e 
I inly weighs alwut 004 gram. 

Acconling to the length of this core and its position in the 
coil, any desired type of scale can be obtained, whetlifr ne-arly 
uniformly divided throughout, or 
open only iil one jjarticuUir rt-giun. 




^m i'ls- 1^— >..>iii|>kl< \ icu „t U.h\--j \'ult]uelar Fig. «J — C>uiipl»l< 

^BRg. 45 repi-e-sent^ the outward appearance of a voltmeter and 
^H|g. 46 of an ammeter of thiij type. 

fSecti 



The "Stanley" Ammeters and Voltmeters 



The principle on which these instruments, made Ly the General 
;ric Company of London, woik, ia that of a solenoid actuating- 
» anft-ii-on needle, having a gi-avity control. A reference to fig. 47, 
which ia a perspective view of the woi'king parts, will make their 
coiiHtruction clear. 

A brass frame f. fixed to the metal back of the instrument, 

two soft-iron blocks B, which are arranged witli a gap 

iweeu them. ' 

Pivoted in jewelled centres, which aie caiTied by the back o£ 

Uk frame F and a separate discoidal bnuiket U in front, is a light 

flteel spindle s. To the front end of « is fixed the light aluminium J 
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pointer p and balance-weight a, and to the centi-e i-egion a liglit 
Bott-iron sector-shaped needle or plate N, capable of moving in the 
gap between b b. The discoidal bracket D is carried by a flange c 
screwed to the metal dial of tlie instrument, and is really quite 
separate from the frame f. The whole frame f, with its attach- 
ments, slips into tlie working coil or solenoid (not shown in fig, ■47), 
which is energized by the current or 
voltage to be measured. 

The action ia simple, and is as 
follows; — The solenoid, when ener- 
gized, magnetizes the soft-iron blocks 
B, and produces a strong magnetic 
lield across the air-gap separating 
thein. Into this field, and therefore 
into the gap, the sector N is attracted 
by an amount depending on the cur- 
rent flowing in the solenoid. - The 
pointer P thus takes up a correspond- 
ing position on the scale. 

The ii'on used in the instrument 
is the best soft iron obtainable, and 
i.s carefully annealefl, and so formed 
as to reduce the hysteresis error to a 
minimum. 

Fig. 48 shows the general form of 
a voltmeter of this make; and, as 
aenn from the figure, in this particular 
instrument, the graduations from 60 
to 120 volts occupy almost the whole 
scale, though by varying the relative 
positions of N and BB when the pointer is at zero, almost any 
kind of scale can be produced. 

Fig. 49 -shows a back view of the voltmeter with polished gun- 
metal case removed. The hollow solenoid is shown at the top, and 
is wound with a large number of turns of fine insulated copper 
wire, which, however, only forms a small paii of the total resist- 
ance of the voltmeter, the rest being wound separately on two 
china bobbins of the form seen under the solenoid. This has the 
advantage of high insulation and large radiating or coiling surface 
for the wire. An ammeter of this makf is shown in fig. 50, and in 




nd in 




I, of courae, the solenoid i 

irire, to Cftrry the main cur- 
KxOQt to be measured. It 
rvill be observed that the 
' scale opens out slightly to- 
wards the higher i-eadings. 
These instruments are 

nlso taade with a Kpruig 

control instead of a j;rnvity 

control, in which case the 
iving parts arc accurate!^' 

I iiianced on the spindk', so 

^i.-> to render the indlcatiuiiH 

independent of thii position 

in which they are placed. 
They can also l>e pio- 

videil internally with the 

M'Whirtcr patent magnetic 

shield, to protect the work- " nuii <coi.- removed) 

iiig partfl fi-uni stray cx- 

ti-nial fields due to any cause, such as neighbouring dynamos or 

Hiatus carrying current, &c. 
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The General Electric Company also uiake a permanent-magnet 
contral type of electro -mnfriH'tie ammeter and voltmeter, the 
principle of which is 
that descriljcd on 
pp. 54 to 56. The 
genei'al form of the 
instrument is seen in 
tig. 51. The scale is 
shorter than the type 
Just coiisirlered, owing 
to it being graduated 
1111 each side of a cen- 
tral zero. There is, 
however, no error due 
to residual magnetism, 
and tlie fact that this 
kit 111 of instrument 
can deflect either way 

Fig. 51.-StuileyAmmetpr, with Z*m lu centre olSuiJB '« ofteil Usuful; aS, fot 

instance, in storage - 
battery circuits, to show the charge and discharge currents. 
Literally this is an instrument having a polarized needle, and 




MOVING-NEEDLE ELECTRO- MAGNETIC INSTRIMENTS 49 j 

the direction in which it is deflected depends on which way the J 
current flows round the main solenoid energized hy the current, | 
or voltage, to be measured. 



Miller's Electro-Magnetic Ammeters ajid Voltmeters 

These instruments are of the moving-needle type, having a 
gravity control. The only diffei-ence between anmietei-s and volt- 
tnet«r8 of this type lies in the winding of the solenoidal coil, which 
is wound with thick wire for the former and fine wire in the case 
of the lutter. 

A perspective view 
of the working part is 
shown in fig. 52. A 
Bo/t-iroii wire N, about 
No. 22 B.W.G.. is car- 
ried by a horizontal 
spindle s, pivoted in 
jewelled centres which 
are suppoited by the 
frame F. 

The pointer P is 
also rigidly attached 
to the spindle s. and a 
balance- weight b, attached to the boss which carries the needle N, 
enables the centi-e of gravity of the moving system to be adjusted 
so that the pointer p rests at some convenient part of the scale. 
C ia the working solenoid, having a narrow rectangular aperture 
through its centre in which N can move freely. 

Tile spindle frame K is screwed to the top Hange A of C in 
such a position that S can take up a position parallel to the 
magnetic axis of the solenoid, but to one end of the rectangular 
aperture. The frame p overhangs the front side of the coil d 
HO aa to allow of the free motion of p over the scale (not shown 
in fig. 52). 

The action of the instrument will be obvious. When a current 

flows through c, this coil develops opposite polarity at ita ends, 

cnnsing the soft- iron needle N to become magnetized, thereby 

sucking itA free or outer end down into the solenoid to an extent 

, depending on the current flowing thi-ough c. The pointer conse- 
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quently takes up a. position on the scale corresponding to that of K 
in the solenoid. In the zero position o£ p. i.e. for no current. N liee 
nearly at riglit ajigles to the coil axis: and its final poMtion for 
maximum deflection i-s pai-allel to the magnetic axis of c Thos p 
uioveH over a graduated scalti wliich forms nearly a quadrant of a 
circle. 

Fig. 5;! shows the 
general view of a com- 
plete instrument of thk 
type. 

While it Ijas already 
been stated that instm- 
mentis of this class are 
generally subject to errore 
due to hysteresis in the 
iron - needle part, such 
crixirs can be minimized 
by using only the softest 
iron obtainable, and as 
little of it as will enable 
thi! instrument to work. 

In addition to these 
eKseutial», such an instru- 
ment, intended for mea- 
suring alternating current 
or voltage, mu.st be calibrated at the same periodicity as that of 
the circuit for which it is intended, otherwise the readings will 
not be con-ect. 

Hartmann & Braun's Ammeters and Voltmeters 
(Electro-Magmetie Type) 

These instruments, supplied by Messrs. O. Berend & Co., belong 
to the " moving- needle " class of ammeters and voltmeters, in which 
the electro-magnetic attraction and repulsion of a moving aoft-iK>n 
needle by a fixed solenoid is made to indicate the cunent or voltage 
to be measured. They have a gravity conti-ol, and. as in the case 
of all instruments of this class, can be used not only for continuous 
but also for alternating currents, ivith slight modifications in the 
latter case. 
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The principle on which they work, and their construction, ia I 
shown in pei-spective in fig. 54. A solenoid or coil c of insulated 
copper wire, consisting of a few turns of thick wire in the case of 
aiuraeters and many turns of fine wire in that of voltmeters, ia 
wounLi on a Ijobbin about IA inch long and about J inch internal 
bore. Capable of being inserted and fixed inside this in a thin 
brass tube T, iu the middle region and on the outside of which 
is wrapped and fixed a tapered .strip of soft iron w, about ^ inch 
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ick, and extending not quite half-way round t, and tapering from 
f inch wide at the top to about -^g at the under side. 

Mounted on a steel spindle s, running in jewelled centres con- 

Otric with t, is a thin brass disc I>, about -^ inch diameter, 

rfoTOted with about five holes h to lighten it. This disc D 

rrics a thiu semi-cylindrical band of soft iron N, about I inch 

■vide, which we may term the moving needle. The spindle a, 

■rhich also carries the pointer !■ at one end, and a balance -weight b 

i the other, runs iu tin; jewellud centres fixed respectively in the 

"[ end of the tube T and the cross-bar F in front. 

The action will now be tolerably obvious. 

In the aero position of the pointer r, the needle n pai'tly 
n'lapa tlie lower half of w; and when a cunent Hows in tho 
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solenoid c, N turiiH so as to try to form a whole cylinder 
with w, the amount of turning depending, of course, on the 
current strength. The 
tapering of w ensures a 
more definite and sensitive 
action of X, and the relative 
positions of p and N on s 
enables the scale to be made 
open at any part of the 
I'ange of the instrument. 
In fig. 54 the tube t is cut 
away to show the interior 
and working parts more 
clearly. A general view 
of a complete instrument 
(ammeter) is shown in fig. 
55, and it will l>e seen that 
the i-eadings commence at 
about 10 per cent of the 
maximum. 
Fig. 56 shows the general view of a voltmeter having an 
"open scale" from 90 to 130 volts. 

For voltages of and above 
400, an extra resistance, con- 
tained in a separate case, i» 
provided for placing in series 
with the instrument. For 
alternating -current work the 
amount of iron contained in 
w and N is reduced to & 
minimum, and each instru- 
ment is calibrated for the 
periodicity of the circuit (» 
which it is intended to be 
useil, and this peiiodicity ib 
marked on it An iron caee 
is used in these instniments to minimize any effect on tlie 
readings due to the close proximity of neighbouring magnetic 
fields. 



fig U— Hwtmaiin and Bntun AmnieUr 




Hg. H,— Hmrimi 
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The Schuckert Ammeters and Voltmeters 



These mBtrumeDts possess a moving soft-iron needle having a 
gravity control, and are made by Messrs. Schuckert &e Co., of 
[Kumberg. 

The moving system by itself is shown in fig. 57. It eonsista of 

i thin piece of the softest sheet-iron a d, or of ferrotype, bent and 

i as in figure. This is carried by a light horizontal spindle 




uning in jewelled centres, to which is also attached the light 

I pointer P and balance ami of copper b. As will be 

•crved, the part a of the moving plate or iron needle is flat, but 

B remaining portion d is curved. 

Fig. 58 shows the position of the moving needle in the actuating 

1 or solenoid c, which is of the same length as the needle. It 

rill be noticed that the spindle is pivoted eccentrically with the 

aitre of the coil, a little to the left of it, but is parallel to the 

m1 axis. Now the magnetic field inside a solenoid such as this 

t by no means uniform over the cross section, being strongest at 

( centre of its axis, p. 9. At the ends, however, the field is 

ongMt at the inner edges of the coil, owing to the lines of force 

"ting out there. 

, when a cunent flows round the coil c, the needle ia 
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sucked up in such a way that the cur\-ed part becomes closer and 
more parallel to the inner periphery- of the coila. The pointer P. 
therefore, takes up a position on the scale depending on the 
strength of the voltage or cuirent which has energized c. Friction 




at the pivots is reduced to a minimum, owing to the extreme light- 
ness of the moving parts. 

Fig. 59 ahowa the geneml views of a voltmeter and ammeter 
respectively, finished instramentfl : and it will be observed that the 
divisions are not uniform thi-oughout the scale. The scale can be 
made " open " at any part of the range by bending the balance 
arm b, or by altering the distance of the centre of the pivot from 
that of the coil. 

The "Castle" Ammeters and Voltmeters 

The.se belong to the electro-magnetic moving-needle class of 
measuring instrument, and present the somewhat uncommon 
feature of possessing a " magnetic " control, in which neither spring 
nor gravity is employed. 

Fig. 60 is a perspective view, showing the principle on which 
they work. M is a permanent steel horse-shoe magnet, the poles 
of which eaiTj' two soft-iron rods R in alignment horizontally. 
The ends of the.se, facing one another, form the poles N and s of 
a strong horizontal magnetic field, in which is pivoted, on a spindle 
a running in jewelled centres, a, diamond -shaped piece of soft iron 
N' a'. This soft-iron needle is held in a horizontal position by the 
fixedfidd due to m. 
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EThe deflecting field is produced by two Holenoidal coils c, having 
1 cores which approach n's', and which are energized by the cur- 
rent or voltage to be meaaui-ed. Their magnetic axes are vertical. 

and they develop opposite polai'ity n s as shown. A pointer p is, 

of course, rigidly attached to a, and is balanced by an extension b. 
The action is as follows:— For no current passing through cc, 

the needle n' S* is magnetized inductively, an indicatetl, by the 

permanent field-poles JJ s, and is held in the position shown, the 

pointer p being then 

at zero on the scale. 

When, however, cc are 

energized by the \olt- 

age or current to be 

measured, and develop 

polarity, as shown, the 

south pole 8 of the 
^ .upper coil c repels the 
^HjfRith pole s' of the 
^Hnedle and attracts its 
* north pole x', whereas 

11 attracts s' and repels 

n'. Thua the two 

effects arc added to- 

getlier. producing a 

couple which cause s'n' nuinimBiit 

to turn in a counter- 

clock-wise direction through a certain angle dejieuding on the 

magnetic strength of c c. 

The pointer p, therefore, takes up a corresponding position on 

the scale. This may be otherwise stated in more scientific language 

as follows. The two magnetic fields N s and n a at right angles 

to each other .set up a resultant magnetic field which turns 

counter -clock -wise through an angle nearly proportiiiual to the 

field strengtlis of cc. Along this resultant the soft-iron needle 

(tfsf sets itself. 
m In the case of ammeters, c c are wound with thick wire and 
jQury the main cuiTent, but in voltmeters they are wound with a 
large number of turns of fine copper wire having a large resistance. 
Tlie a<ljuBtment of the instruments to give any desii-ed scale, 
)en at any part of the range, is made by altering the position of 
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the vertical coils c c and lbs 
horizontal pole pieces N a 
relatively to the central soft- 
iron needle. 

Fig. (il illustrates a ecm- 
plete instrument of this type, 
from which it will be noticed 
that the scale is almost uni- 
formly divided. These am- 
meters and voltmeters are 
Biipplied by Messrs. J. H, 
Holmes & Co., of Newcastle- 
on-Tyne. 

The "Victory" Ammeters 
and Voltmeters 

The principle on which 
these iiiatruments work is 
that of a hollow solenoid ac- 
tuating a moving soft-iron 
needle, having a spring con- 
trol. Tbey are supplied by 
Messrs. H. M, Salmony & Ca, 
titation" type ammeters and 



case with instruments of th 




alight structural mixlifi cation they can be adapted to measure 
alternating current and voltage, in addition to continuous current. 
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^H The principle ou which they are constructed will be understood 

^^p reference to fig. 62, which is an end elevation, and fig. 63, a 

^^Bctional side elevation of the working parts of a direct- current J 

^Knmcter or voltmeter. 

^r c (fig. 63) is the main actuating coil or solenoid about 1} inch I 

long, wound with insulated copper wire or tape on a hollow brass 

tube about j inch diameter. Capable of sliding tightly into this 

is. another thin tube K, carrying a ring di^c It at the front end, but 




closed by a disc d at the back. A tliin strip of the softest sheet- 
iroD is bent so as to form a radial plate T alxjut IJ inch long 
(axially) and tlien bent round close to the inside surface of the 
tube K, but tapering down to about ^ inch at the end {, and not 
<]uite completing the cirele. 

The moving aysteni consists of a thin strip or plate of soft 
iron ti, alx)Ut as long, axially, as t, and carried by the steel spindle 
s. which runs in jewelled centres let into d and the bracket b con- 
centrically with c. The pointer p is also rigidly attached to s, and 
the whole moving system is controlled by a fine hair-spring H of 
phosphor-bronze. In the zero position of p on the scale (not 
IpwnX the moving plate a is close and nearly pai-allel to the fixed 

'iBT. 

' The action will now be obvious. When a current passes round 
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the solenoid c, it magm^tizee "both a and t and repulsion ensnes, 
owing to like polarity being induced in a and T at the same 
end. 

Since at the commencement a and T are close together, and also 
of about the same length, a coin par atively small current gives a 
relatively large effect or displacement of a, and therefore deflection 
on the scale. Owing, however, to the tapering of the fixed strip, 
the distance between its poles gradually diminishes as we get round 
to (, hence their distance fi-om the moving poles of a also dimin- 
ishes. The result is that 
afterthe first fewdivisions 
on the scale have been 
pa.s.sed over, the deflect- 
ing force becomes nearly 
proportional to the angle 
1)1' deflection. But the 
force of control of M ia 
iiIho pi-oportional to this 
mi^de, therefore the result 
is nearly a uniformly 
graduated scale. The dis- 
tance between a and T at 
starting determines the 
openness of the scale here 
to ft large extent. 

The iron of both a 
and T ia tho softest obtainable, in order to diminish to a minimum 
errors due to hysteresis. 

Fig. 64 shows tiie general view of such an ammeter and fig. 65 
of a voltmeter, both with front terminals. Back terminals are, 
however, employed for switch-board work. Tlie advantage of the 
spring control is that the pointer does not require to be set to zero 
before switching on the current, and the instrument can be used in 
any position. 

For alternating-current measurement the instrument is slightly 
modified, figs. 66 and 67 showing the arrangement. Here a fixed 
soft-iron wire w, alxjut No. 16 or No. 14 gauge, is placed between 
the coils G and the tube K, and extends the length of the solenoid, 
which is about li inch long. A soft-iron wire w, about No. 16, is 
carried by the spindle, which is now pivoted eccentrically with the 
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s o( the solenoid, the two centime being carried respectively by 1 
^(he ci'oas-bar N at the back and the liracket b at the fi-ont. 

The moving needle or wire w is close up to and parallel with. 1 
|i the fixed wire w, when the pointer p is at zero. Conseijiiently when [ 
a curreut flows in C, nimilai- polarity is induced in w and w at the * 
same end, and i-epuision ensues. The motion ia contrtsUed by a 
hair-spiing h of non-magnetic material such as phosphor-bronze. 
Fi-ora the above description it will be obser\ed that the amount of 
■jron employed in the construction is reduced to a mininium, and is 




bS Frioclpli 

'*• Vlctnrj' " iMtrnmeii 

nucli less than in the instrument made for direct currents. The 
lie is long and open, and after the first few divisions is nearly 
niformly divided. 

Referring to fig. 67 it will be seen that the adenoidal coil c, 
Mnuecttid to the terminals F an<l a of the instrument, is shunted 
f a low-resistance sti-ip A of low temperature coefRcient material, 
irhich carries most of the cunent. This strip, which is shown on 
edge, is made with about the sanne nuniher of, nearly circular, 
loops as there are turns of wire in c. This tends to make the 
Belf-induetion of C and a more nearly equal, and therefore to 
minimize error introduced from this cause. As, however, the 
instruments contain iron in their construction, they must be cali- 
brated at the periodicity for which they are intended to be used. 
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CHAPTER III 

MOVINO-COIL ELECTRO-MAGNETIC INSTRUMENTS! 

Ayrton and Mather's Astatic Voltmeter 

Tlim voltinekT wiirkH on the principle of the D'Ai-sonval Gal- 
Vftnonictor, tiinl is therefore applicahle fur direct pressures only- 
It, however, pomhl>bhu8 a gravity control instead of the usual springs 
firnploysd for that purpotte. 

Tlie fiioving syatem consiets of three coils side by side, each 

of which, when tlio current flows through the three of them in 

^^^ aeries, is acted on by, and at- 

^^^^^^k tracted into, the poles of a 

^^^^^^^^^^^2^^^^_l^_ separate permanent inaj^net. 

^^^^^^^^B!^9B9Si^ "^^^^ wound on 

^^^^^^^^K M 'f^ cop{)er frames in which, as the 

^^^^^BJL^^^J^^M coil moves, Foucault currents 

^ "^^ ^^^^^ ai-e induced which damp the 

^^^^^ ^^^ motion and render the iustru- 

^^^B ^^^ ment dead-heat. The gi-avity 

^^^f ^^. contix)] acts on the coil itself, 

I ^W which is pivoted in jewelled 

^^ centres, and carries the pointer 

^^ fixed to the coil. 

rig. «8.-V[i>»i.fM.,vliw Coll WHlPuluUrot _,, , c ^i.- 

A}rlDnam1MaUi>irAiUtl<:V..Uiue(«r the eHUS Ot thlB moVing 

coil are eonncctetl through fine 
flexible wires to the tenninal blocks seen at the top of tlie support- 
ing bracket ann, and through wliich the current enters and leaves 
the coil. Fig, CM indicates the disc which carries the bracket on 
which the coil and pointer is pivoted. 

The fixed-maguet system is also shown in fig. 69, and consists 
of three aatatically-airanged permanent steel ring-shaped magnets. 

These are very large, powerfully magnetized, and aged to 
prevent decay of magnetism. They are mounted on a strong brass 
spider casting, the centre magnet being larger than the others 
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and having its poles in the reverse direction. Fixed to the steel \ 
magnets are specially -shaped soft-iron pole-pieces, designed bo s 
to produce an open (scale at or about the normal working pressure. 
The resistance of the whole instrument averages about 60 ohms 
per volt, while that of the moving coil, which is wound with 
fine insulated copper wire, is about one- twentieth of that of the 
whole instrument. 



I 





The extra resistance is of manganin wound into a coil and 
r placed inside the inBtniment. 

The temperature error under these circumatancea is quite in- 
appreciable. 

The readings of this astatic central -station voltmeter are quite 
anaffect«d by external magnetic fields however situated, and all 
the working parts are highly insulated from the case. 

An index pointer, actuated by a crown wheel and pinion, which 
can he turned by a milled ebonite head at the top of the case, can 
be »et to the working pressure of the circuit. 
^L Fig. "0 shows the general appearance of this instrument with 

^k tilt index pointer set to 102 and the pointer clamped at zero. 



Siemens' Electro-Dynamometer 



This is undouhti.-dly one of the most important of cun'ent- 
meamiring instruments, since it is capable of measuring indis- 
criminately either direct or alternating curi'ent equally accurately 
with one and the same calibration, no matter with which kind of 
correat this last-named is effected. Further, as there is no iron 
io it« construction, it is entirely independent of the periodicity 
mve form " of the current to be measured. 
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The principle on which the inatruuient works depends, as its 
name implies, on the electro-dynamical action of one cireuit carrying 
current on another circuit carrying the same current; in other 
jrds, on the mutual attraction and repul&ion between adjacent 
circuits earrj-ing the same current. 
Its construction will be understood 
from a reference to fig. 71, which 
shows the working parts of the dyna- 
mometer symbolically, and to fig. 72, 
which is a general view of the instru- 
ment, con-espondingly lettei-ed. 

Aa shown in fig. 72 it consists of 
a wooden base -board, Buppoiied on 
three levelling-screwfi and carrying 
two stout wooden standaids, to which 
are attached all the fittings. 

These latter comprise two totally 
distinct and aepamte stationary coils, 
f and /, of double cotton -covered cop- 
per wire, wound oue over the other. 
They are fixed to the upright stan- 
dards by a non-metallic band cleat 
(shown passing aci'osB them in front, 
fig. 72), with their magnetic axes 
horizontal. 

These fixed coils are usually wound 
with two riitferent gauges of wire, 
there being a few tui-us of the thicker 
wire outside, and a much larger num- 
ber of turns of the thinner wire inside, 
coiiUBCted respectively between the 
t^^rminal T^ and common junction- 
^'^ ''^'''a^I^th^Zlm!*"!,^'''"'''"* "^'"^^ ^- *"'^ l^tween R and T^. This 
enables a wider range of sensitiveness 
and mea.surement to be obtained than would be possible with only 
one fixed coil. The actual windings for a 0-20 and 20-60 ampere 
dynamometer are also clearly shown in fig. 72, the former range 
being obtained with the thinner and the latter range with the 
thicker coil of five turns shown in tig. 72. 

Encii'cling these fixed coils is a moving coil M, which i 
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consist of one or more turns of copper wire of the same gauge 1 

as F, suspended by means of a strong ailk thread v from the end 1 

of the rod D, which projects inside the loose bush g. 

The ends of the moving coil M dip into two mercury cups C O, ' 

directly in a line under the point of suspension, by means of which \ 

tlie current is led into and out of M. The top cup c is permanently 

connected to R, and the 

bottom cup c to the cen- 
tre or common tenninal T. 
To the moving coil 

M is attached an index 

pointer I. which playw be- 
tween two stops or pins 

K N let into the edge of 

tlie circular scale a lixed 

to the top of the wooden 

standard.^ Mttlters are so 

arranged tliiit when the 

index I is opposite zero 

on the scale a, the plane, 

ftod therefore the niag- 
I netic axis of M, is at light 
I KDglcB t« F and /: this 
J may be termed tlie " :ero 
iL^javeiiion" oi m. 

The moving coil is con- 

icolled by a lather long 
I helical steel or phosphor- 
L Vronze spring s, one end 
koE which is attached to 

the «it-screw o, and the other to set-screw K on the lower eud 
I of the hollow rod H of the torsion head. 

This latter passes up through the fixed scale a, and can be 
I turned through one revolution by the milled head at the top of 
I tbo instrument. The pointer P, fixed to H, moves round the scale 

A. through oue turn also. A loose hollow bush o is let into the 
I top of H, so that when the spindle D, which paases through the 

fixed bracket w and into G, is turned by the milled head E. the 
I Busp^^niiion v is wound or unwonnd on the end of u, inside o. 
L-tiiereby raising or lowering the moving coil m. The dynamometer 
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haa to be carefully levelled before using it, so as to ensure perfect 
freedom of the moving coil both in the mercury cups c and other 
fixed fittings. For this object the three levelling-screws on which 
the base rests, together with the spirit-level L and plumb-bob b 
(fig. 72), are added, though sometimes only B is provided. 

The instrument is a zero one. At the actual moment of 
measuring a current by it the fixed and moving coils are always 
in the same relative position; that is, they have their planes 
perpendicular to one another, and the index 1 is at zero. 

Wheu a current C) flows through the dynamometer the moving 
coil is deflected and the index 1 moves counter-clockwise up against 
the light-hand stop N, The force of attraction or repulsion exerted 
between the fixed and moving coils is F a c, X C, a c', since each 
coil carries the same cun-ent C,. 

The torsion head H is now turned clockwise, which twists round 
the upper end of the spring s, attached to H, until i floats at zero 
again. Then, since the force exerted between the coils is now just 
balanced by the force of torsion exerted by the spring s, which 
latter is cc to the angle of torsion or deflection D of the head H and 
its attached pointer p, we have ^h 



1 ^ K Vn 






where K is the constant of calibration for the particular fixed coil 
in use, and converts the deflections into equivalent amperes. 

The last relation is the Law oj the Siemens' Electro-dynamo- 
meter. 

Referring to fig, 71 it will be evident that when the current is 
reversed in, say, the moving coil, it also simultaneously reverses in 
the fixed one, the deflection of i and p being therefore unaffected. 

Hence the instrument will work equally well with alternating 
currents of any periodicity, and this is one of its most valuable 
properties. 

In some eases the fixed scale A is degree-divided, but any other 
suitable gra<luation may be used, such as one of 400 equal divisions, 
or one in which the numbers are pioportional to the square roots of 
these divisions. In this latter case 

c = K D simply, 
where T> = the deflection of P oil a. 
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rWhen employing the instrument with direct currents it should 
pla£«d so that the magnetic axis o£ the moving coil lies in 
tne magnetic meridian of the earth. This would be its position 
of rest when acted ou by the earth's field, which it would be in 
addition to that of the fixed coils. 
J' The instrument possesses the following advanj^iges: — 
^M (1) That it is capablt^ of measuring alternating and direct eur- 
^TBiits ei|nally accurately, and is quite independent of the periodicity 
of the former owing to the absence of iron in its construction. 

(2) That it can be calibrated with direct currents thougli 
intended to be used for alternating ones. 

(3> That it is a zero instrument and possesses a constant K, 
so tliat the wliole scale can be calibrated by two or three reailings. 
In pi-actice. however, it will be found that K is not truly constant 
from end to end of the scale owing to irregularities in the action o£ 
the spring a, and that the employment of a calibration curve is 
desirable for accurate work. 
The disadvantages are^ 

(1) That it is not portable because of the use of mercury cups, 

(2) That it is not direct-reading, and therefore is difficult 
to read on a circuit in which the current is at all fluctuatmg. 

(3> Tiiat it ia affectefl by external magnetic fields, and for this 
reason the " leading in and out " leads should either be run very 
clofie together or twisted so that the currents in them may not 
affect the readings of the instrument. 

^H Torsional Hovlng--Magiiet Voltmoter 

^" It is frequently the ease in experimental woi-k in the electrical 
Ittbonitory that an insti-ument with a long and open scale is required, 
or is, at least, desirable. 

Such an instrument, having a 'ong range in addition to a wide 
iipen scale, is shown in fig. 73, which merely indicates the chief 
iletaita of constmction, without showing the fixings that support 
the various parts. 

The instrument is chiefly used as a voltmeter, but it can also 
be employed ne an ammeter to measure very small currenta In 
priuciple it is magnetically and electrically the converse of the 
<K>-CHlIcd pennanent-magnet moving-coil instruments, since the coil 
or coils are fixed while the permanent steel magnet is movable. 
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Referring to fig. 73 the voltmeter conabts of two elongated 
rectangular bobbins wound with coils s s, s N, of fine insulated 
copper wire, and fixed a short distance apaH with their longest 
Bides vertical, and with their magnetic axes colHnear and horizontal. 
They are ao connected together in series between the fixed temiinala 
T T, that opposing faces are of opposite polarity X. and s. Sus- 




1%. n,— riladpla at Staucn*' ToMmul lloiii«-UagiM( V-dtmetor 

poudwl Hiidway U-tw^vn thi«se two coils is a small permanea* 
U-sl»*pi-<l maguct, of whicii only the north pole « is visible. Thi^ 
ma^iet has rather Uwg straiplit limbs which are close together an* 
hutg vvrtirally, llw a^nth polo bt^iiig co«se4uenlly behind tiie nortli 
pole M, ainl llicivfotv iuvisJblo in fig. T3. 

Into ihtf tojv i-f. thf yok^. of this inaguet is fixed a pin / with a 
snuill »'t-!¥row II i» it. A liilk thrviul ^v cor^ V is attached to the rxd 
p through a hollow tod ». tud ia fijced to a rod k. 
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I An index pointer i is fixed to /' and its play is limited betweea 
vo fixed pins let into the edge of the fixed-scale plat« A a. When 
I is in the midway or zero position between these stops, the magnetic 
axis of the suspended magnet is at right angles, approximately, to 
that of the fixed coils. Two aluraiaiuiu vanes v v are also rigidly 
attached to /, each moving between two fixed brass plates or 
clieeks. which not only limit the angular motion of the magnet, but 
also damp its motion to some extent. 
^m One end of a helical steel spring s is clamped under the aet- 
^Kcrew o. and the other under the HCiew K in the end of the rod B, 
Hifffaich is provided with the milled head H. 

B A small hollow brass boss c is let into H, so that H can turn 
Hwithout c turning, and this boss forms a bearing in which the rod 
" E can turiL E passes tlirough the fixed standard Y, and has a 
milled head L at the end. A pointer p is fixed to the torsion head 
B. and moves over the horizontal scale of degrees or any other 
divisions a a. A light brass cap G is fixed to the poles of the 
suspended magnet, and carries a pointed pin w. This is for the 
purpose of levelling or centnilizing the moving magnet befoi'e using 
the instrument. This is accomplished at any time by adjusting the 
level ling -screws provided, so that the point just hangs over the 
fixed cross R, when the moving system should be quite free later- 
ally. The action of the instrument will now be evident. When a 
cun-eut flows through the fi.'ced coils, they develop the polarity a N, 
s S shown in fig. 73, and the magnet tries to tuni in the direction 
indicated by the arrow around w so that its magnetic a.xis tenda to 
oincide with that of the coils. 

Then the angle through which the torsion head H and the 
iched pointer p has to be turned in the opposite sense (as indi- 
cted by the arrow around b), to bring the magnet and therefore 
be index I back to its zei-o position, is a measure of the moment 
■ the couple, or force exerted by the coils on the magnet. This is 
I measure of the current flowing through them, the angle of 
nnuon of the upper end of s, indicated by i', l>eiug pi-ojrartioual to 
B force of toi-sion exerted by s. 
It will be evident that the constancy in the accuracy of the 
idings given by this instrument depends on the couataucy of the 
■loving magnet, and also on the spring remaining undamaged. 

The magnet can be raised or lowered, as may be found necessary 
r giving it freedom of motion, by turning L, and thei'efore coiling 
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nr uncoiling raore or less of the 
SI isjjiinding thread D on the rod E. 
A claniper is usually pruvided to 
lLuiiI) the magnet when the in- 
^[Il^lieut is being carried about, 
ill order to avoid breaking the 
Ml ■.[).■ nsion. The coils together 
uMiiiUy have a total reeistaDce of 
100 (ihniR, and are wound with 
siifli a number of turns tliat 1 scale 
■livi-sion = 0-01 volt. Thus, if the 
instrument has a scale of 360°, it 
wiiidil read 3"60 volts for one 
riiLatioii of the torsion head B 
aud pointer p to bring the index 
pointer 1 back to zero. 

A general view of the complete 
instrument is shown in tig. 74, in 
whicli all the parts represented 
Kynibolically in fig. 73 are shown 
enclosed in a glass case to ex- 
A spring tapping key is some- 



clude dust and air draughts. 

times providi'd on the base outside for completing the circuit at 
pleasure. 

Wlmn it is desired to reati higher voltages, 
such as, for instance, 01 or 10 volt per divisioo, 
or in all 3G or 300 volts for a full scale, 900 
or yi)00 uhniK must be put in series with the 
iustrunient, the extremities of the combination 
now forming the terminals of the voltmeter. 
These extm non-inductive resistances are 
usually contained in a ventilated receptacle, 
lig. 75, provided with a plug 8wit<?h-top for 
inserting the-ne i-esistances at pleasure. 

As mentioned on p. 14, however, these 
should be wound with a material having a 




^^^^f an. 



ibdm;L*e''K^un«r '''s'' spccific resistance and low temperature 
coefficient of variation of i-esistance. 



It will be seen from the foregoing considerations that there is & 
+ and — terminal to the instrument, and that unless the circuit is 
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' connected up correctly to it ( + to + ), it will be impossible to take 
I A reading. 

Should it be desired to use the instrument as a low-reading 
I ammeter, it must be connected in series with one of the mains. 
jTiien if 1 division =01 volt, and since its resistance =100 ohms, 

1 division=r- =0001 ampere. For large currents it must 
f be used as a shunt to a standard known low-resistance strip, and 
I the current deduced by Ohm's Law. 

" When using the instrument p is tirst turned to zero, and then 
f the index pointer i is adjusted to zero by turning the instrument 
r round, since the suspended magnet will recjuire to lie approximately 
i the magnetic meridian of the earth. The position to wliich p 

♦ been turned on the top scale A in order to bring i to zero is 
then a measure of the voltage ttjsted. 

Fleming' and Giming-ham's VoUmelep 

This instrument, made by the Edison & Swan, Limited, Electric 
Light Co., is intended for the nieasui-ement of either direct or 
'alternating electro-motive force. It belongs to the class of dyna- 
mometer measuring instruments, and depends in principle upon the 
fact that if a fixed and a 
piirallel movable coil he tra- 
versed by the same electric 
current, the movable coil will 
be attracted towards the fixed 
one, and the force refjuiifd 
to bring it back to its ori- 
ginal position is proportional 
to the S(|uare of the current 
strength pa^wing through the 
€oils. 

Fig. 76 indicates briefly 
th« principle on which the ^«- 7e.-Piinoipi8 oi f 

' 5 , DjBiuiionie 

inHtrument works. M m are 

two movable coils of tine wire, carried by a light sinn ii. which la 

iu tUTD supported by a vertical spindle A. 

This spindle a rests on a jewelled centre or footstep, and is con- 
trolled by hair-Bprings ss, which serve to lead the curn-nt into &ad\ 
out of the moving coils H. Each of the latter encircle a jHiir of ' 
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fixed coila FF at a point where their like poles touch, as at SN, 
A small index hand or pointer I is fixed to the moving system, 
whilst a mica-tipped pointer p is attached to a torsion or milled 
head H. to which the free end of the top spring s is attached. 
The head E cau turn 
tjiiite independently of A, 
}>iit causes A to turn by 
twisting up the spring a, 
thus forming the restor- 
ing or controlling foitw. 
Tlie position of the 
moving coils M is shown 
by the index pointer i, 
wliich plays between 
two stops on the edge 

(-^^ s»--— St#M I of the scale (not shown 

_ _ ^ """ "^^ I in tig- 76). 

. ?rr/ " 'i^s^'-'-~''7: /■' -^ In order to use the 

instrument, it ia set on 
a level table, and if the 
index pointer 1 on the 
movable coils does not 
swing freely across the 
slot in the dial, level the 
instrument by means of 
thi- wooiJen wedge pro- 
viil<.-<l for that purpose. 
Turn the central milled 
head H until the index i 
is over the zero of the 
scale and note jf the 
jjointer P ia also at zero, 
if not, finnly press the 
boss on which the mica 
pointer P is fixed while slacking the uiillod head h; the pointer 
and index can now lie adjustdl to zero, after which the index boss 
must be again finnly pressed and the milled head tightened. When 
the E.M.F. to be measured is applied to the terminals the index t 
will immediately fly to the left hand of the slot. Now twist the 
ttral milled head u carrying the mica-tipped pointer round in 
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the Bame direction aa the hands of a watch travel until the index 
is brought buck to zero. Tlie volts are then read off directly on 
the dial under the pointer line on the mica. A little practice will 
enable a steady KM.F. of about 100 volta to be read to less than 
one-quarter of a volt. 

The act of fastening the lid of the box raises the movable coil 
oft' the pivot, and in order to prevent this action being too sudden 
the lid is closed with a acrew. To open the lid, tui'u the milled 
ring projecting from the front of the case to the light. 

When it is desired to carry the instrument about, or whenever 
it is not in use, the lid should be closed and the fastening screwed 
qnit« home. Inattention to this will cause a diminution in sensi- 
tiveness of the instrument. 

After readings have been taken the mica-tipped indicator P 
should be turned back to zero, so as to take all strain off the 
hair-Hpring. 

The central milled head should not lie unscrewed unless ab- 
solutely necessai^- for the adjustment of zero. 

These instruments have been found to be equally accurate for 
direct or altei-nating E.M.F., within the range of periodicity usually 
employed in alternating cuiTents. 

A contact key is suppUed with the instrument, and the current 
should only be kept on during the actual reading of the EM.F. 

The instioiments are fitted with a small series coil of resistance 
wire which can be thrown into circuit by means of a plug contact, 
thus doubling the reading. 

A number of improvements have lately been introduced in the 
winding of the coils, the jewelling of the pivot, and the method of 
conducting the current to the suspended coils. 

The best and moBt open part of the scale can be taken as from 
half the maximum i-eading, upwards. 

Fig. 77 shows the gt^uoral view of tlic complete in.stnmient. 

Parr's Direct-Reading Dynamometer Ammeter 

The Siemens' electro-dynamometer described on p. 14 is a most 
oaeful ittftrument for accurately measuring indiscriminately either 
cuntinuous or alternating current, using one anil the same scale 
calibmtion for either current. This, coupled with the fact that it 
is indept^Ddent of the periodicity and " wave form " of the alter- 



natii^ ctDreot, mkkc£ h a TslnaUe ii 
hbonuorr. 

Tbe iiutiuiMM t, bowev«r. ladu tames nsefol features iu that it 
is »etf por*aiU. mat Ji rrH r r & Ji mg, tmn pnctxeiW only be used in 
the Ubcrxbofy, and mju-njilatu] a sliglit calculH-tinD, involving 
takii^ tbe sqnuv rooc of the miBng in order to obtuin tbf carreDt 
fltraq^ in amperes. Trouble also 
a {rwtoently experienced in iJ»e 
breaking of tbe suspension, and 
tbe ecxiBeqaent alter&lion of tbe 
eooetant owing to tlie Bpring get- 
ting damaged in taking it off to 
ne-sospend tbe moving coil. 

These disadvantages led tbe 
antbor to devifie an instrument 
whicb has al) the advantages of 
tbe Siemens' dynamometer witb- 
oot its disadvantages, and whicb 
is iUastrated in part sectional front 
Ovation and plan in fig. 78. 

It depends for its action on 
tbe mutual force of repulsion 
between two coiled circuits carrj-- 
ing either the same or di6erent 
currents, one circuit being tixed 
and the other movable. It consists 
of two fixed coils m v> wound 
with copper strip about J inch 
wt'lt*. tlio tuiiiH Wing insulated with silk tape between them, a a 
arw two flat aluminium cials. carrietl on a horizontal arm fixed to a 
Vcrlit'al Hi>iuil1o A, which is pi>-oted in jewelled centres. 

I'o thiH vvrtical spimllc h is rigidly attached a light horizontal 
arm c, and to tho eml of this is soldered a thin flexible metallic 
atrip. 

Thin utriji imsmw ahniwt ooce n>und a special V-grooved pulley 
d to which the end is soldcr»'J, and which is carried by a horizontal 
aptndle pi\'ottHl ii) ji'\vell«l centres. This spindle, with the moving 
ooila to which it is jp-^rinl. is c^uitrvilleil by two hair-springs e set 
in opposite din^vtioti.s »> that a.s one coils up tiie otlier uncoils, 
I thereby preventing cnMrtt tluc to fluctuations of the zero by chai 
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of temperature altering the length of the apringa The horizontal 
spindle also carries the pointer / and its balance- weight. A mov- 
able arm, seen between the pointer and springs, enables the tension 
of the latter to be adjusted so as to set the pointer f to zero on the 
settle, slionld this at any time be necessary. Current is led into and 
out of the moving coils ra a thi-ougli two non-spilliible mercury cups 
g and A, into which dip pure copper prongs that form the ends of 
tlie movable aluminium 
coils a a. 

These latt*r are in 
series with the two 
tixed coils TJt 711. and are 
so connected tliat each 
fixed coil repels its ad- 
jacent moving coil. A 
line hard wire I- is at- 
tached to the nio\'ing 
cwils, and canies at its 
lower end a light vane 
which dips into a viw- 
cous lifjiiid contained in 
a trongh I, which does I 
not permit of it spill- 
ing. By means of this 
dnrnping arrangement 
the inatmnient can be 
made lUud-beat to any 

desired extent. In the latest construction, liowevti', this liquid 
ilsmper has been replaced by the more satis fa ctoi'y air damper 
titted above the cup g, the air vane whicli moves in the closed 
Ixix being fixed to the upper extension of the moving coil, and 
moving concentrically with it. 

These latter can be clamped during transpoit by a bur p, 
wliich can be turned down in fi-ont of the right-hnml moving 
coil by a milled nut n outside the case of the instrument. The 
moving coils just touch tlie fixed ones when the pointer stands 
&t zero on the scale and no current flows. When a cuiTcnt 
paascn tliroiigh the instrument, the force of repulsion between 
v»ch jiair of fixed and moving coils is a to the square of the 
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But thif force falls off a to j^ approsiniately, d being the 
distance between each tiscil coil and its corresponding moviug one. 
Henc3 the current is a to rf, i.e. ot to the angular motion of the 
pointer/ approximately, the conti-olling force of the springs being 
ot to the anf;nlar di^flection of/ 

The scale i^'ndiiationa ai-e thei-efore extremely open and nearly 
equal from uiid to end of the -scale, which extends over alx)ut nine- 
tenths of the circular dial. 
Fig. 79 shows a photo of the 
internal parts of an actual 
ammeter, with scale dial and 
case removed to show them 
more clearly, while fig. 80 
shows the general view of 
the complete instrument As 
seen, these instraments are 
of the switch -board type, 
dii'ect -reading. They con- 
tain 710 iron whatever, and 
very few metal parts, con- 
aetjuently they will measure 
^_ — ^^^^^^^^^^^^^^^^^^v the trixe current in any 

H Fig. 8o.-G,„.rai vie. «. p«r Ammeter altemuting-cun-eni circuit. 

^K being quite unaffected by the 

^H periodicity and " wa\-e form " of the current. 

^H They also read eijually accurately with direct currents. In the 

^H latest form for heavy currents the instrument is shunted to a low- 

^H resistance strip, goffered to such an extent that it has a self- 

^H induction equal to that of the coils of the instrument. No error 

^B is thereby introduced, and the coils inside now only caiTy a few 

^V atnjjeres insteml of the whole current. 

I 

■ " 

m " 

L 




Parr's Direct-Reading Dynamometer Voltmeter 

This instrument is constructed in precisely the same way as 
that just illustrated and described. The only difference being' 
that both fixed and moving coils are wound with fuie insulated 
wire and carry the same current, thougli it is only a potential cur- 
rent. The resistance of the four coils in series amounts to between 
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3000 and 4000 ohms, so that an instiumcnt reading to 120 volts 
and which would have the above resistance would pass only a very 
small current and consume little power. 

The scale graduations commence at about one-twentieth of the 
maximum reailing and are nearly uniform in width to the end. 

The instrument, like the preceding one, is of the switch-board 
type, dii-ect- reailing, and has a scale extending about nine-tenths of 
the circular dial. 

it is, of courae, more successful when used with direct currents 
tliau with alternating, owing to the coils possessing some slight 
self-induction. 

There is, howevei-, no iron in its construction and but few metal 
parts, so that small variations of periodicity do not affect the 
. reading. 
■ Moving-Coil Altemating'-Current Voltmeter 

* Instruments that will measure dii-ect currents accurately, and at 
the same time be 8ensiti\'e, reliable, and sufficiently dead-beat for 
ft reading to be taken with a fluctuating load, have been in exist- 
ence for some time. Instruments intended for the measui'eraent 
of alternating cuiTents. which shall have these most desirable 
attributes, ai-e much more difficult to obtain, and should fulfil an 
additional requirement, namely, that their indications should be 
independent of the "wave form" and periodicity of the circuit. 

Further, it is a valuable feature when one and the same iu- 
atmment will read equally accurately when employed with either 
ft direct or an alternating current on the same scale. 

Unfortunately, however, there ai-e but few instruments in exis- 
tence that fulfil all those desirable rec^uirements simultaneously, 

Tliose at present under discussion, which are made by the 
Electrical C-ompany, London, meet the above conditions as far as 
perhaps can be expected with alternating-current instruments. 

Tlic principle on which the voltmeter now to be described is 
constructed is applicable also to ammeters and wattmetera, and each 
is constmcted with dynamometer movements and has magnetic 
dniiiping. Fig. 81 shows the arrangement in aide elevation and 
fiit. 82 in plan, fi-om which the construction will bo understood. ^^^ 

tin most instruments of this class a permanent magnet cannot ^^^^ 
used for damping. The reason for this is well known, since ^^H 
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the reading of the scale interfered with, but also the permanent 
magnetism is gradually destroyed by the action of thi; alternating 
current, so that 
the damping finally 
is altogether Icat. 
These etTects, ot 
rather defects, 0.1* 
completely elimi" 
imted in the sp*" 
arrangeme* 
adopted in the foV 
lowing instrumei* *^ 
thus permitting t>** 
use of mague'fc'^ 
damping. 

The body of t-"*e 
instmment ia bm. ^'t 
up of laminate-*'' 
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S the coiitrijllmg force. The spindle A further caiTies the pointer z, 
which moves over a scale gi-a<luat«d empirically, and the aluminium 
vaues K, the outer edges of which move between the poles of the 
two brake maguets d, and serve in the well-known manner by the 
generatiou of induced or eddy currents in them (p. 6} to damp 
the swings of tlie moving aystem. 

The dotted lines in fig. S2 show the lines of force due to the 
stationary coil. In this arrangement of the iron circuit E with 
respect to the stationary windings, it is clear that the lines of force 
are completely enclosed within the iron box. Hence none of the 
lines pass through the damping magnets d, and in consequence the 
permanent magnetisin of the latter is not impaiied. 

The interior of the instrument, however, in which the moving 
coil swings, is quite free fi-om iron, the lines of force having 
only an iron path to complete the magnetic circuit — a fact of 
great importance for the electrical pi-operties of these iustru- 
Tnents. 

OE the three classes of these instruments the voltmeter is the 
simplest. 

The stationary and moving coils consist of properly proportioned 
fine copper wire, and are arranged in series together with the 
Tiecessary dead resistances. The following are the details of the 
eltctrical poi-tion of such an instrument having a range up to 
125 volts. 

Tlie resistance of the winding, ic. of the stationary and 
moving coils taken together, is about 130 ohms, the dead i-esis- 
tance, which is nou-inductively wound, is about 2000 ohms, so 
tbat tlie total resistance amounts to 2130 ohms. The current is 
thus not quite 0-56 ampere and the power lost not quite 7-5 watts, 
" risult decidedly favourable with an alteroating-current instru- 
'I If lit. 

The dead resistance consists of a material which changes its 
'"'i^tance very little with temperature, so that the temperatui-e 
i^fficient of the whole instrument, taking that of the copper 
*iQ'lingH as 0*04, is 0'0024, bo small a quantity that it can be 
neglected [vide p. 14). 

The torque exerted depends on the current in the moving coil, 
«iiii this ill turn on the impedence i/t^ + {'2Trn)H'', where r = resia- 
tsnce in ohms, I = coefEcicnt of self-induction, and n = frequency. 
Tiieoretically the readings of these instruments are therefoi-e de- 




vanaocDs 

(jH-iiy produce no 
etTect. Hs the difftf- 
cocxr in the rati- 
iups of Uiese ui- 
struoieDta with so 
alternating cui-RDt 
of 50 cycles and 
with direct cuirent 
IH HO exce^i'lingly »inall that the same instrument can be used for 
both alternating and direct current. 

A voltmeter of this tiiake is shown in fig. 83 with cover removed 
to kIiow the internal pnrt« mare clearly. As seen it htis two scales 
nimlinK to 125 and 250 volts respectively, according to whether 
till' «xlri.-m(j and centre or right-liand terminals are used. The 
douMi^ Mtralc i« the general practice in these voltmeters. 

A htrip of mirror is inserted cKmb to the scale for tlic purpose 
of avoiding errors diit to pai'ollax when reading the position of the 
pointer on the hcale, 
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Hovingr-Coil Alternating'-CurFent Ammeter 



I similar to that 
saum remarks 
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The principle on which this instimnent work; 
of the moving-coil voltmeter juat (lescribed. 'I 
apply to this ammeter as 
do to the voltmeter, both 
Iwing made by the Elec- 
trical Company. Fig, 84 
ehowa diagrainmatically 
the principle on which 
the ammeter works, the 
thick wavy line T being 
the thick Bxe<l coils, and the thin wavy line F the fine-wire moving 
coil, which is shunted to the ends of a standard reMisttince R in the 
main circuit M. 

Fig. 85 shows the 

«iui meter with the 

cover and scale ii - 

moved, and also ilii- 

resistance, R, whieli )•- 

fixed under the sc.th'. 

This arrangement i^ 

the general one adojUtil 

in ammeters of thu 

moving-coil type, the 

only difference being 

that the fiehl is not 

l»rorJuced hy permanent 

magnets, but by tho 

main -current coil. As 

the in^netic field can- 

i")t tx! .so large as with 

« penniiiient magnet, 

nil other conditions re- 

iniiiding the same, the 

rt'wtance a is chosen 

I Iflcger to give a larger 

(or the shunt 




; inounteu u 

I vantage " 



; instrument itself, but sepa^ 
. the stationary coil of the 
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instranieDt is wound in two parts for connecting in sei'ies or 
parallel, when, of course, two resistances are uecesnary, with the 
con-espondiiig terminals for making the proper connections. By 
so proportioaing the resistance that its inipedeuce always bears 
the same ratio to its ohuiic rL-sistanco. and has the same tempera- 
ture coefficient as the moving coil, the readings of the instrument 
will be independent both of periodicity and temperature. To attain 
this it is unnecessary to 
specially wind this resis- 
tance, the requisite ira- 
peiCcnce and tempt^mture 
coefficient being protiuced 
ng. «*-^"P.'^^;;;^;';;'j;'« Aic.n,.^ng- ^.^ ^^^^^^ ^^ ^j^^ resistance 

the effect of the ampere 
turns of the stationary coil as shown diagrammatical ly in fig. HG, 
In this way the ammeter is rendered independent of temperature, 
and of lag of phase of the current, so that the same instrument 
reads equiilly well with alternating and with direct current. 

Recoi-ding ammeters for alternating cuiTcnta are built on the 
same principle. By the use of the iix)n circuit and magnetic 
damping a larger turning moment can be obtained, an advantage 
with recording instruments. This, however, is not quite sufficient 
to ovei-coiuB the friction due to the pen on the revolving drum, 
and necessitates a somewhat lai^er resistance than is used m the 
above ammeters. 

The Weston Standard Portable Moving-Coil VoltmeteF 

The principle involved in the action of this instrument, which 
is supplied in this country by Messi-s. Ellliott Brothers, of I./>n(Ion, 
is the electiXMiynaiuic attraction and repulsion between fixwl and 
movable tine -wire coils. 

The control is that produced by springs of the usual form, and 
aa the instrument contains no ii-on in its working parts, and only 
very few metallic parts, it can be used for the measurement of both 
direct anil alternating current potential differences. 

A skeleton plan of the working parts is shown in fig. 87, with 
certain minor omissinns. K is a ivctangular ebonite frame, having 
a circular hole through its interior in which the moving coil c can 
rotate. This coil is pivot^ between jewelled centres, cai-riud by 
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two cross strip brackets fixed 
to the top and bottom sides 
of K, aud shown in fig. S8. 
T!ie top pivot, carrying C, has 
fixed to it a light aluminium 
pointer p, which thercfori; in- 
dicates the motion of c. 

Two fixed fine-wire coils 
M M ai-e placed one on each 
side of the frame K, and are 
arranged so as to develop 
opposite polarity at the two 
sides facing one another. 

Fig. 88 sliows in perapec- 
tive elevation the method of 
niouiiting the moving coil in 
the ebonite frame K. It is 
Bu clearly shown that any 

description would be superfluous, except for one detail. 
consists of a light aluminium disc, carried by the lower 
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This 

steel 



pivot, and seen between the 
lower hair-spring and the under 
side of the ebonite coil frame. 
This disc forms part of a "rae- 
clianical brake ", fitted to the 
instrument, which is shown more 
in detail in fig. 89. 

The moving coil c, with its 
««. «e,-Mo.inttr^n^e«io.. porwbiB attached brake disc A, and in- 
dicated without the frame K, 
iiigs, or pointer, rests vertically between the jewelled centrea 
s a button which, when depressed, first makes tlie circuit of 
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the infitrument by contact at d. Any further depression 
the tongue B to release the bi'ake disc a. 

Tlie tongue b consists of two parte 
— a stiff one B. which holds the di« 
rigidly for travelling purposes; and s 
light one Bj, which, by suitably pressing 
F, can be made to bear very lightly on 
the disc a, thus making a very delicate 
method of stopping the movements of 
the coil C. 

A general view of the complete volt- 
meter is shown in fig. 90 inside the 
travelling case. 

It will be noticed that the scale is 
marked with two ranges, representing 
two distinct sensibilities, wliich are obtained by suitably connect- 
ing to the three termiuals shown. 




Fig. 88.- 
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niumlnated-Dial Instruments 

[ It is sometimes convenient to have tlie diala of measuring 
■utnents illumintited to a greater extent than that obtained 
1 the light of the room in which they at-e placed, as thl"? enables 
I to be read at a greater distance. This can either be done 




It separate lamp, fi'^ed just above the scale a little in front of 
md arranged so that the light is reflected down on to the front 

l-the scale; or the lamp is hsed to the mstrument Just behind the 
le, which is then tmnsparcnt Figs 91 anJ 12 show the way in 

»Tuch tliia is done in the case of a Weston lUummated-dial sector- 

(liiiptHl voltmeter, and the same would also be the case with an 

Uimeter. 

The scale is drawn ou ground porcelain and the glow-lamp 

l.fixed directly behind this in tht niiidlc Two reflectors are 
Kketed at either end of the scale and are so placed as to reflect 
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the light from the lamp on to the end portions of the scale, tti^^ 
producing a uniform illununation from end to end. 

In all cases the lamp must 1)e so airanged with regard to tt» 




Fig. DS.-niumiiiiiUJHlal 



rest of the instrument that the heat from it can get away withoufc 
in any way raiaing the temperature of the instrument; and this cai» 
best be attained by having it outaide the case altogether, as showii..v 



Davies Moving"-Coil Voltmeter ^ 

This voltmeter, manufactured by Messrs. Muirhead & Co., 
Mocgs to an important class of mo\'ing-coil instruments, with a 
permanent magnetic field, the principle of which is magnetically 
the couverae of that met with in the electro -magnetic moving- 
needle type of measuring instruuicnts. The piinciple on which 
this ami all similar moving-coil ammeters and voltmetei-s work 
is simply that obtained in the ordinary D'Arsouval galvanometer. 
The constniction, however, in the two cases is somewhat dilierent, 
as will be at once seen, the Davies voltmeter being a special form 
of pivoted D'Arsouval galvanometer in which the moving coil moves 
through an unusually large angle, equal to about 220°. 

In the perspective drawing, fig. 93, m is a poweiful permanent 
Bteel magnet of cylindrical form, terminating at the top in & 
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peculiarly-shaped pole-piece E D, of highly 1 
permeable soft magnetic material. The 
portion d, which takes the form of half 
an s, ia partly cylindrical, tapering slightly 
towards the free end, and has considerable 




Fig. 91.— Principle ol Uoviag-Calt Voltmeter 



sial vertical length. M is carried by a sole-plate o, of good 
^magnetic material, which in turn cairies a cylindrical-shaped 
^pole-piece A, concentric with u, of soft iron or mild cast steeL 
Hence a strong radial magnetic licld exists in the air-gap — leas J 
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than ^ inch wide, nnd some 3 square inches in cross- sectional 
area — between the pole-pieces A and D. In this field the coil c, 
wound with many turns of fine silk-covered eoppt-T wire, is capable 
of moving from the zero position, in whidi it is shown. Thus the 
permanent magnet maintains a uniform field of force in the narrow 
annular air-gap, and the circuit being nearly a closed one, its 




Fig. M.— SIUTing Coil and Prune of Darin 

reluctance is so low as to ensure permanency of the magnetic in- 
duction and a scale of uniform divisions throughout. This coil C, 
with its attached pointer p, is pivoted in jewelled centres, carried 
by the bracket b and brass fiame f. It is controlled by the two 
hair-springs s, one at each end, set in opposite directions, i.e. as 
c turns, one coils while the other uncoils. This is in order to avoid 
the readings being affected by variations of temperature, causing 
an elongation of the springs. The free ends of the springs are 
attached to the rods T, which arc insulated from the frame F, and 
form the terminab of the coil c. 





MOVING-COIL ELECTRO-MAUNBTIC INSTRUMENTS 



i A perspective view of the coil c, and the frame f which carries 

1 shown detached from the inatrument in fig, di. Referring 

1 this it will he seen tliat one 

vertical side of c forma a con- 

tioualion of tiie spindles to 

which it is rigidly fixed, and is 

therefore in the axis of turning. 

The coil itself is wound oo a col- 

'apsable fonner, which is finally 

removed, the vertical side just 

Inferred to heing attached to a 

strip of aluminium foil, wliich is 

"» turn rigidlj' tixed to the steel 

spiniJles, mnning in jewelled cen- 

''^s.and to the aluminium pointer 

^- Th(! pointer, and therefore 

^■he coil, is limited in its angular 

■^^^tion by two suitahly placed 

^F**Hag stops at the beginning and 

^^^€i of its motion. The current is led into and out of the moving 
^**tl c through the two hair-Bprings ss, and from a reference to 
^e^ 9.3 and 94 it will be 
otj*4erved tiiat only the 
"•^ter vertical side of the 
^^^^^tangular coil c is in 
'***i magnetic field, the 
"^-Vier side, in line with 
^■^e spindles, being in the 
^*^*itre,and therefore mac 




^■pwee 
^Ktor 

the ci 
W 




^*^'e magnetically. Hence 
^Current flowing through 

I active stdt 

I move round the hild 

ween a and D agam^t 

JB torsion of the control- 

[ ^rings ss, through 

B Angle proportional to ^.^ ^.-duvio. li^^gcoii Amm^u-r 

the current strength. 

When the instrument is used as a voltmeter the moving coil c 
18 placed in series with an extra resistance to keep the current 
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through it within the maximum limit. The coil c is very thin, and 
the pole-pieces A and D are very close together, being less than I inch 
apart; this, coupled with the strong uniform field maintained between 
A and D and the way in which one pole-piece embraces the other, 
makes the readings of the instrument immune from the action of 
external magnetic fields. A general view of both a voltmeter and 
ammeter is shown in figa. 95 and 96, from which it will be seen 
that they have a very long range of scale, with the advantage that 
the graduations are uniform throughout, this latter result being 

obtained by the coil 

always being in the 

same uniform mag- 
netic field. 

It should be noted 

that since instruments 

of this kind possess a 

permanent magnetic 

field, they can only be 

used with continuous 

currents, and conse- 
quently have a + and 

— terminal. Hence 

they will only work 

when the source of 

current is connected fit!. ». - Permaiieoi - sugBei 

to them in the nght (p„Miil Bench lonn) 

way (+ to +). 

93. it should be remembered that the form 
of pole-pieces, and indeed of the magnetic circuit generally, belongs 
to the earlier forms of this instrument, and that they have been 
improved recently by certain modifications of that magnetic circuit 
One earlier form is shown in fig. 97, in which M, the permanent 
steel magnet part, consists ot the vertical cylindrical bar, seen 
through the gap in the outer soft-iron cylinder A, and which supports 
the central soft-iron pole-piece B. A hole in the centre of this 
latter allows the side of the moving coil, which is in a line with 
the pivots, freedom to rotate. 

A later design still for the magnetic circuit is shown in fig. 98, 
which closely resembles that depicted in fig. 93, the only difference 
being that the gap in the central soft-iron cylinder through which 





Referring to I 



MOVING-COIL ELECTBO-MAGNETIC INSTliUMESTS 



the one side of the moving coil is inserted is closed after insertion \ 
W the remainder of the pole-piece (fig. 98). Experience, however. 




"*** shown that more steel was necessaiy in the magnets, and this 
1^*« led to the design shown in fig. 99, which is that used at the 




j'rawnt time principally in the "switch-boai-d" type, though it is 
aiw Med in the "bench" or laboratory type of these instruments. 



I 
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It will be observed tliat this coDstruction resembles very closely the 
double mafjiietic circuit form of direct- current generator or dynamo, 
in which tlie two permaneut steei magnets MM are in parallel, 
and together force 
I lie lilies of force 
across the air-gap, 
in which one side of 
the coil K moves be- 
tween the pole-pieces 
A and D. 

Fig. 100 shows 
the central pole- 
piece, and the mov- 
ing coil which 
sweeps round it, to- 
gether with the fixed 
frame that carries the 
jewelled centres and 
springs. detached 
from the i-est of the 
magnetic cireuit 
The present bench 
form of instrument is shown in figs. 101 and 102, which give a 
plan and side elevation respectively, and the "switch-board" form 
in figs. 103 and 104, which give the same views respectively. The 
induction in the gaps 
of tJiese present forms 
varies from 750 to 900 
C.G.S. linea. 

The external ap- 
pearance of the " bench" 
form is shown in fig. 
105, and of course this 
has a horizontal scale. 
In a voltmeter of this form, the moment of the force acting 
on the moving coil at a full deflection of 210° or 220° is about 0"8 
gramme centimetre. The resistance of the moving coil for about 
1 volt at its terminals is about 60 ohms, and the waste power 
about O'OIG watt under these conditions. For higher voltages tliis 
form averages 60 ohms per volt. 
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In the double magnetic circuit form (fig. 99), the moment < 
I force acting on the moving coil at a £ull deflection of about 
210° is about 1'9 gramme em.; the total induction in the gap i 
therefore large in this form. 
The resistance of the moving 
coil is about 100 ohms, and the 
drop of potential at its terminals 
about 18 volt, the corresponding 
e of power being about 003 




.tt 

The resistance of a meter for 
100 volts provided with strong 
springs for the deflecting force 
given above ia about 5500 ohms. 

If the " bench" and " switch- 
board" forms are given the aaTne 
strengths of springs, the waste 

of power in the latter should l>e about half that in the former, 
and it is even less than half. 

This applies, of course, to the ammeter as well as the voltmeter. 

Electrical Company's Movlng'-Coil Am- and Volt-meters 
(For Direct Currents) 

These instruments, in common with all othei-s of the same 
sind. work on the D'Arsonval galvanometer principle, i,e. have 
1 moving coil in the field of a powerful permanent steel magnet. 
Thi;y of course have a spring control, and are dead-beat. 

The internal construction is shown in figs. 106 and 107, which 
r^siiectively represent a side sectional elevation and front eleva- 
tion of a voltmeter of this make. It consists of a permanent 
Meel horse-shoe magnet M, carefully "aged" so as to maintain its 
Olgtietization constant. Its limbs terminate at the top in soft-iron 
pole-pieces, accurately turned; and between there is pivoted con- 
centrically, in Jewelled centres, a horizontal spindle (in two halves), 
'i'iiis cairies a pointer p and light rectangular moving coil of fine 
i(L-ulated copper wire, which is conti-olled by two hair-springs s, 
liiough which the current is led into and out of the moving coiL 
I. cylindrical soft-iron keeper, or armature, K, is fixed concentrically 
\vitb Uie spindles to cause a radial flow of magnetic lines of force 



I 
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from the pole-pieces and concentrate them througli the moving coil. 
The outer ends of the controlling springs s are connected to the- 





ng. 107. — Princiiric at Klcctiical Coro- 
puy'i MoviDg.Coil DirMt-CurrenC Volt- 
meter (trout duvitioo) 



back terminals T through two protecting fuses F. The fine wire 
of the moving coil being wound on a light metal frame, the Foucault 
currents, iu(liici.'d in this frame when it moves in the magnetic 
field, damp the motion, causing 
the pointer and coil to come 
instantly to any point on the 
!ic;ile, corresponding to a detinite 
iilteration of voltage. 

Since the field in which the 
coil moves is uniform through- 
out the whole range of its 
motion, the angular motions of 
the pointer and coil are directly a 
to tlie currents flowing through 
it. and a scale of equal divisions 
throughout is the i-eault. The 
instrument absorbs little powei, 
MoviDg<:gii voitmgtcr OS the maximum current is only 

about ^ ampere, and has the 
great advantage of being practically entirely unaffected by external 
magnetic fields. 

Since, also, the control is produced by springs, these instruments 
can be read when resting in any position. When used as volt- 
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iQiitera, these instruments have a high resistaoce in aeriea with 
the moring coil, and are composed of a materia] having a tow tem- 
fierature coefficient of variation of resistance. By this meana the 
I'lTora tiue to variations of temperature altering the resistance of 
the imtniment are practically eliminated. 

Fig. 108 shows the general view of a voltmeter for 300 volts. 
The ammetei-8 of this 
tyjie consist of a mov- 
ing-coil instiTjment con- 
nected to the ends of 
ii low resistance, which 
Ciirries the main current, 
M Ihat the inatrunient 
iuilicfttea the fall of po- 
tential due to any par- 
ticular cun-ent in the 
W- resistance strip. The 
scale, therefore, can be 
niurkal off in amperes, 
since the current is pro- 
portional to this fall. 
Fig. 109 indicates the 
■inajigeineiit, the mas- 
'"■'•■' Imr at the bottom 
'"■ing the low reais- 
isnft! to which the 
iii'-trunient proper is 
^iiuDt«d. Tlie two are 
'^ily separate for cur- 

fenta over 200 amperes. Up to this the shunt is fixed to the 
'iNtrutnenL 

lu some of these meters an index pointer is provided, capable 
"f lieiug set to any position on the scale by a milled head protrud- 
'"(,' bt-yond the dial or case. This may be set to the working 
'"itagv or current of the circuit, so that, when the pointer coincides 
'I'ith the index hand, the attendant can easily see tlie fact from 
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Siemens Bros. & Co.'s Moving-Coil Am- and Volt-meters 

These amiin>ters and voltmeters, made by Messru. Siemens Bros, 
and Co,, of London, are of the permanent-magnet type. They 
are available for the measurement of direct currents only, and in 
common with all other instruments of this type, work on the 
principle of the D'Arsonval galvanometer. 




This pai'ticular make of instrument presents one or two 
featui-es in its coustruction, which differ from those met with in 
similar instruments of the class. 

Fig. 110 shows the form of permanent steel magnet used, 
which is designed to give & uniform magnetic field throughout 
the whole range of action of the coil. It is specially hardened, 
magnetized, and aged in order to ensure permanency. 

The arrangement and fixing of pole -pieces, together with 
the footstep which holds the bottom of the fi-ame that carries 
the moving coil, present some uncommon features. 

The moving coil complete, with the 
frame in which it is pivoted, pointer, 
Mil't-iron keeper, and springs, is shown 

ill fig. 111. 

'I'he induced or Foucault currents in 
di' rectangular copper frame on wliich 
iIk' fine-wire coil is wound, give a dead- 
ng. in-Movmg-cmi ay.um be«t motion to it, 
I'iSrCiSr"' ""■""■" Up to 50 ■""Pere" the low-r»i«te»» 

shunt, across the ends of which the fine 
moving coil is connected, is inside the instruments used as ara- 
metei-8. In the voltmeters, a high resistance is placed in series 
with tlie moving coil. 
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The " Evershed " Movingr-Coil Ammeters and Voltmeters 

These instruments, iiiatlc by Messi-s. Evershed & Vignoles, of 
LoQclon, are similar in construction to all othere belonging to this 
cljiss of permanent-magnet measuring instrumentti, and have a 
spi-ing control. 

They embody the latest improvements which experience 
dictates, and poasesa some characteristic differences in the form 
ot tlie moving coil and its 
fixings, which are interest- 
iog and instructive to note. 

The permanent magnet, 
- '!'t-iron pole-pieces, and 
c-.ire are fixed, once for all, 
tu a brass framework. 

The complete magnetic 
oireuit. 8o formed, is then 
magnetized and brought 
into a condition of perma- 

P"~ice, by a process which 
ves every magnetic mole- 
e in the circuit in a 
ntion of stable equili- 
om. 
Moreover, owing to the 
somewhat peculiar con- 
struction of the moving 
coil, which enables it to be 

in.serted in position without taking the magnetic cireuit to piecea, 
this source of instability in the magnetic system, a source met with 
in many types of moving-coil permanent- magnet instruments, ia 
itirely removed in the Evershed pattern. 
The moving coil and its accessories are shown in fig. 112, 
construction being somewhat novel. The " former " F, on 
hich the fine wire of the coil is wound, has two parallel rec- 
tangular Hides which move in the narrow air-gaps of the magnetic 
cii^niL 

These two sides are joined at one end by a straiglit croes- 
■ii'co, through which the light ateei spindle passes, and at the 
other end by a circular ring-piece w, capable of just slipping 
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over the cylindrical soft-iron keeper fixed concentrically with 
the pole-pieces, witliout touching either it oi' these latter. 

The " formur " f is attached to a braes sleeve, to which the 
controlling apring s, the leading- in atrip or strips t, and tbc 
pointer i are also rigidly fixed. 

A hardened - steel spindle passes through the sleeve, and is 
fixed thereto by a set-screw. 

The spindle is ground to a needle point at both emls, the 
points resting in two caps of hard sapphire J J. 

By this construction the parts liable to wear, namely, the 
needle points and jewels, are easily renewed or repaired, withoat I 
separating the essential working parts of the instrument. 

An internal zero adjustment is provided by the screws A A, 
which fix the lever B, and by loosening tliem any requii-ed 
adjustment can be made. 

This should only be used in ease of a permanent alteration 
of zero;, and no notice should be taken of auy temporary zero 
error due to fatigue of the spring after prolonged deBection in 
one direction. 

A half-ring-shaped plate c, carrying the bracket to which | 
one of the centres is attached, is screwed to the pole-pieces, and | 
prevents all side play of the spindle in the sapphire centres. 

The Evershed patent magnetic shield used in the electro- 
magnetic moving soft-iron needle instruments of this make, is 
fitted in all but the edgewise pattern moving-coil ammeters and 
voltmeters, which are almoat wholly iron - cased, and therefore 
effectively shielded from external magnetic fields. 

The whole of the working parts in these moving-coil instni- 
ments are attached to a metal frame, entirely independent of the 
case, the frame being fi.xed in the latter by means of buahed 
screws, so that the case may be earthed for safety on Itt^- 
tension circuits, if necessary, without any risk of damage to Aft 
instrument. 

The moring coil in the voltmeters consists of many turns of 
fine copper wire, connected in series with a high -resistance coil, 
wound in a single layer on one oi' more porcelain tubes. This 
method of winding presents a muxinmm radiating surface for the 
heat generated in it, and prevents turns of wire at very difierent 
potentials fi-om coming into close touch with one another. 

This series resistance does not vary with temperature, 
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'^ its value is usually hundreda of times greater than that of 

tUe moviDg coil itself, there is practically no error due to change 

'>! temperature. 

The moving coil in the ammeters consists of a few turns of 

tijicker Clipper wire connected in series with the two leading-in 
slrips, and a series resistance made of the same alloy aa is used 
for the resistances of the voltmeteiB. This resistance is adjusted 
uutil the potential difference on the ammeter terminals, when 
tiic latter are connected across a shunt through which the main 




¥ 



at passes, deSecta the pointer to the required point on the 

The temperature error may be reduced to any extent by 
ing the value of the series resistance, but the instrument 
Uieii rojuires a biglier potential difference to work it. Messrs. 
Ev«rshed & Vignoles have adopted a value for this di-op of 
>ltage which is a reasonable compromise, and gives a moderate 
temperature variation of resistance with small waste of power 

the shunt. 

In these ammeters, the whole resistance of the moving-coil 
circuit is about 05 ohm; and bo low a resistance makes it abso- 
lutely essential to connect the shunt to the instrument by leads 
having, ap[>i'oximately, the same I'esistance as those used for the 
purpose during the calibvatioiL These have a total resistance of 
(H)15 ohm. 

Two forma of low -resistance shunts for carrying the main 
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current can be supplied with the moving-coil ainmetera of this 
make. 

Fig. 113 shows the usual form o£ such. They have a carrying 
capacity of 200 to 400 amperes, and consist of a number of thick 
re.'^, soldered into ma.ssive terminal castings of pure copper, 
a method of cousti-uction which secures ample ventilation. The 
wires are made of an alloy having no variation of resistatu^ 
with tempemture, thus making the resistance of the shunt constant 
within the range of cuiTent used. 

An enclosed form or external shunt is shown in fig. 1 1+. 




In each type the small terminals are the pot«ntial ones, and 
are connected to the instrument, while the larger ones form the 
connections to the main-circuit cables. 

The Evershed rao\'ing-coil ammeters and voltmeters can be 
supplied in either the round, sector, or edgewise forms, the last- 
named having resulted from a demand for measuring instruinenbs 
which should combine with minimum vridth the advantages of 
a long open scale visible at a considerable distance, and in this 
way economize switch-board space. 

The radii of the scales in the usual sizes vary from 7 inches 
to 15 inches, and the widths from 3J inches to 5J inches. The arc 
of the scale is 60°, which is the longest that can be used con- 
sistently with avoiding excessive pamllax at the ends of the 
scale. 

The lengths of the scales are consequently about equal to the 
radii. 
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The " N.C.S." Moving-Coil Ammeters and Voltmeters 

These instniinents, made by Messrs. Nalder Bros. & Thompson, 
are of the permanent-magaet dead-beat type, and have a spring 
control. 

Figs. 115 and 116 show the 
construction, which is as fol- 
lows: — 

The moving coil, mc, consists 
of a specially-shaped flat coil of 
double silk-covered fine copper 
wire, wound on eithei' a very 
tliin copper or aluminium frame 
or former, which is continuous in 
itself. The winding of tliis tiat 
coil is varied to suit the [)urpose 
for which the instrumeut is in- 
tended. 

Thus, an ammeter has a small 
number of turns of rather larger 
wire than usual, and a low-read- 
ing voltmeter many more turns 
of much tiner wire; whereas a 
■ very high-reading voltmeter has 
1 Urge number of turns of very 
I mncli finer wire. 

Broadly speaking, allowing 
I for a certain amount of resist- 
[ Ance, in the forui of a coil of wire 
I' voond with a material hanng a 

I low temperature coefBcient, in ' ^^ 

\ oeries with the moving coil when "«* ^''' ™'~ in,J^r'gn,,ilr"'''''''''''*^'"' 
I nned for ammeter purposes, a fall 

I of potc-ntial of O^OS volt aci-oas the terminals of the shunt will give 
I full-scale deflection. 

A fall-scale deflection can, however, be produced with a much 
rBaiallt-r fall of potential, at the expense of a liiglier temperature 
|. error, by winding the moving coil with finer wire. 

In a voltmeter the resistance of the moving coil bears a very 
Lsniall mtio to the total resistance of its cireuit, as a high resistance. 
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having a low temperature coefficient, is placed dii-ectly in series 
with it. Hence the temperature error is quite negligible. 

Mounted ou the eoil, at the top and bottom, are two light steel 
pivotfl, each of which canies a hairrspring c s of phosphoi'-bronze or 
copper. Tiiese serve to lead tlie current into and out of the iuo%'ing 
coil, and also act as the control. 

A pointer N is attached to one of the pivot stems for indicatiiiLt 
the motion of the coil M c, and the pivots work in jewelled centres 
carried by fixed end brackets. 

This coil is pivoted between the soft - iron pole - pieces p p, 
terminating the limbs of a powerful permanent steel magnet pm. 
The pole-pieces P p are so shaped as to embitice the coil very 
closely with the least possible air-gap, and to give as nearly aa 
possible a uniform field throughout the whole arc of motion of 
the coil. 

Special means are emplojetl in making, hardening, magnetizing, 
and ageing — this last being an extremely important part of the 
manufacture for ensuring the magnetism remaining constant with 
time^to obtain the best magnets possible. 

Such magnets are usually made and stocked for a considerable 
time before they are used, and the Bus or magnetic iield measured 
before and after the ageing process. 

Sliould this fall by any but a very small percentage, the 
magnet is rejected, and in this way permanency with time is 
ensured. 

To direct the lines of force and concentrate their flow through 
the moving coil, as well as to ensure them flowing radially with 
regard to the poles p p, a solid soft-iron coi-e or cylinder i c is 
fixed concentrically with pp and between them. The moving 
coil is just able to rotate thi-ough the i-equisite arc between p p 
and I C without touching either. 

The coil with its attached pointer is very light, and its motion 
is made dead-beat by the retarding effect of the Foucault or 
eddy currents induced in the metallic frame ou which it is wound 
when moving across the magnetic field between the poles P p. 
The pointer should be very light to gain the full advantage o£ 
this dead-beat action. 
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llie Stanley Moving-Coil Ammeters and Voltmeters 

These instniinents, made by the General Electric Company, of 
London, are of the permanent-magnet class of measuring instru- 
ment. The moving coil is controlled by two phosphor-bronze hair- 
springs, which also serve to lead the ciin-ent into and out of the 
coil, and the motion of this latter is dead-beat (see last paragraph). 

The construction 
is very similar to 
that of the Weston 
moving-coil instru- 
ment (p. 102), and 
the principle on 
wliich it acts (that 
of a D'Arsonval gal- 
vanometer) precisely 
the same. In the 
voltmeter a high re- 
sistance is connected 
in series with the 
moving coil, and 
tlie extreme ends of 
this combination are 
joined to the termi- 
nals of the instru- 
ment In the am- 
meter the moving coil is placed as a shunt to a low-resistance stripj. ' 
^ which carries the main current. 

The scales of these ammeters and voltmeters, in common with all 
■makes belonging to this type of instrument, arc uniformly graduated \ 
Tfrom end to end with equal divisions. Fig. 117 shows the general 
, ■ view of a Stanley moving-coil voltmeter with front cover removed. 
I The permanent steel horse-shoe magnet, together with the rest ol j 
the working parts, can be seen by a reference to this illustration. 

The Weston Ammeters and Voltmeters 

Theae instruments, supplied only by Me-sars. Elliott Bros, in 
this country, work on the pi-inciple of the D'Arsonval galvanometer, 
and have a moviDg coil actuated by a permanent magnetic field, 
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^^H and controlled by hair-springs. Fig. 118 shows line di 

^^V the principal parts of the iuetrumeDt in plan and end sectiani 

^^V elevation. 

^H Referring to these. M is a carefully-selected, well aged, powerfi 

^H peiTnanent steel magnet, bent somewhat into the shape of a horse 

^V shoe. The polar liraha N and H carry soft-iron pole-pieces w screwi 

V to them, as shown. These are bored out so as to be tmfy cylindrical 

m Screwed to each end of the pole-pieces w are two brass plates 

■ having a projection h at their centre region. Between these, am 

I to them, is sci^wed a turned solid soft^iron cylinder K concentrii 

' with w and of the same axial length. 

Capable of turning in the narrow air-gap, between w and K, 
p a rectangular coil of fine insulated copper wire c, wound on a lighl 

aluminium fiame. This is carried by two pivots s, running t 
jewelled centres J, which are supported by the brass brackets ( 
screwed to w. 

The pivots .s are not both in electrical connection with the coil 
frame, but are in electrical connection with the coil c, thus con- 
stituting really the terminals of it. 

Each pivot 8 carries a phosphor-bronze hair-spring f, the frees^^^ 
end of which is attached to an adjusting arm a having a beul 
end d. The arm a is capable of turning about J, and thi 
altering the tension of the spring F. The springs are similar ii 
all rejspecta to each other, but are set in opposite directions, so thai 
as one coils up the other uncoils. This neutralizes any effect on tlift: 
position of the coil c due to the expansion or contraction of the* 
springs through temperature variations. A light aluminiuui pointer 
P is attached to the top pivot s, and, as shown, is in the positioa 
of a half-scale deflection, the scale itself not being shown in fig. US. 
The extremely small potential current is led into and out of the- 
moving fine-wire coil c via the anna tt, springs and pivots at each 
end of the coil, the terminals of the instrument being connected to 
the 

The action of the instrument, like that of all others belonging 
to this permanent-magnet moving-coil class, is due to the mo\Tng 
coil, when cttiTying a cun-ent, endeavouring to turn so that its own 
lines of force coincide in diiection with thase of the permanent field. 
Owing to the air-gaps between w and K, in which the very thii 
j ides of the coil c move, being very nan-ow, the lines of force duel 
i^ themselves almost radially and uniformly betweei 




Fig. U8.— PilnclplB ol Wertnn Pcrmiiiient-Mi«netVoltmolor(pli 

► tjps of each pole-piece. Hence the deflecting force is exactly 
wrtional to the current in c. On the other hand, the controlling 




ftsce eserted by 
the springs is 
diivrtly propor- 
tional to the augu- 
ar motion of their 
ends; and faenoe 
*iao to that of e. 
Cooseqoently, 
■ the deflect- 
- iii controlling 
- Vjalance, it 
M f.i;u the pointer 
shows a steady 
J ejection mi the 
scale, the current 
in r is directly qe to 
the angle of ttuv- 
ing- Hence this 
tD^itnintent haa a 
,1.. .k_. /^-visaaDs of which are equal throagfa- 
ont. It Ls essentially a 
potential measurer, and 
can only be used for 
dirwt-corrent work. 

The tMcillation of the 
moving coil c and its 
ptMnter P. over the scale, 
is checked hj the *■ in- 
duct^i", "etidy'', or "Fon- 
cault ■■ cnnents geoer- 
ati^i in the altuniniam- 
coil frame, caused by it 
moving acTQGs the ^er- 
manent magnetic field. 
Hence the instrument is 
ver\- "dead-beat"; that 
is to say, when the car- 
rent alters, the pointer 
at once moves to the eorrespondiog position and remains still, 
widioat vibrating to and fro sevetal times before coming to t 
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There is, of course, no " magnetic log " in this claiw of instru- 
ment {vide p. 19). The moment of the force on the moving coil 
for about 85', the full-scale deflection, is alxrnt 1*0 gramme centi- 
metre, or rather less. Fig, 119 
shows a perspective \'iew of the 
interior of one of these Woston 
instruments. Part of une mag- 
net limb N, pole-piece u; plate r, 
and bracket b is cut away to 
show the moving coil, springs, ami 
keeper K more dearly. Fig. 120 
shows the general appearance of 
a complete instrument — in this 
case a voltmeter. The pointer 
i.s at zero, and the " index " arm, 

hich is turned by the milled 

bead seen Just imder the tablet 

•rked " Patented ", is resting 

iposite 110 on the scale. In 
this case the normal working 
pressure would be 110 volts, so 
that when the pointer lines up 

with the index the attendant knows that the voltage is correct 
^hout looking at the scale. The aiTangement haa the further 
itage that indications can be seen at a longer distance from 



105 ^^1 
stru- ^^H 

enti- ^^^1 



I bea 
^jpp 





Fig. !£!.— Wetton Shiml Amniet«r < 



instrument than can the exact position of the pointer on 

I Rcale. Fig. 121 shows an "edgewise type" of Weston inatru- 

lent, having, of course, the same uniform scale. The pointer 

■ shown at zero at the bottom of the scale, and rises when the 
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current flows. It will be seen that though this type has a long 
scale it is narrow, and consequently a number of them side by side 



on a en 

of the r 

The 






itch-boai-d take up comparatively little I'oom. This is I 

:iain reasons for the inti-oduction of this form. 

AMMETER.S belonging to the class of moving-coil instrument, 
mc'flflure current indirectly by 
indicating the fall of potential 
down a low-resistance "shunt", 
or strip, placed in the main cir- 
cuit and carrying the current 
to Ix^ measured, this fall being, 
of coui-se, directly a to the cur- 
rent for a fixed resistance. The 
shunt is placed in the back of 
the insti-ument when the range 
is not over 75 amperes, but is 
separate whtn above this cui-- 
i-ent. The appearance of an 
ammeter is pi'ecisely similar to 
tJiat of the voltmeter in fig. 120, 
vct'pt that the scale is gradu- 
ri'i in ampei-es directly. The 
■Air king parts are enclosed in a 
du.st-proof iron case, which also 
I-,", i.'.'i iiiiiu'ii!)'' '"""^ ' protiicta them from external 

magnetic fields. 
. 122 bhows the arrangement of a shunted ammeter on a 

board and the circuit connections. 
123 shows an illuminated -dial ammeter A. shunted to a 
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length o£ the working copper main between the points and 0' 
and the standard ammeter Am., by means of the indications of 
which the length of main shunted is found by trial, so that the 
ammeter A reads correctly. This operation has only to be done 
once for all at the outset. 

Fig, 124 shows the general view of a " sector "-shaped arc-lamp 
circuit ammetei'. The moving coil ia controlled bo that it does not 

begin to read until the 

lower limit of cun-ent is 
reached. Small incre- 
ments are then magnitied 
by a long open scale up to 
the maximum, thus enabl- 
ing the current between 
the usual working hniits 
to be obtained accurately- 
One of the low-resis- 
ice shunts, or strips, for 
with a Weston poten- 
tial measurer intended for 
current measurements, is 
shown in fig. 125. The in- 
strument combined with 
this would be calibratiil 
in amperes, and the maxi- 
detlection of 
le pointer would measure 
1000 amperes. The shunt 
illustrated consists of five 
short plates of a suitable alloy, ha\ ing a Ion temperature variation 
of i-eaistance. These are sweated or soldered into saw-cuts made 
1 two massive copper blocks, to which the damping bolts and 
ntential screws are attached. Of the potential screws, only the 
nttom one can be seen. The thickness of the plates is arranged 
Eto give the requisite carrying capacity without much heating. 

A laboratory form of Weston voltmeter, having a double scale 

I tor two distinct sensibilities, ia shown in fig. 126. The little button 

r push, seen just above the right-hand terminal (marked -|-), is 

lerely a spring key for completing the voltmeter circuit at pleasure 

■hen a reading is desired. 
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Tliia + terminal is common to botli »en»iljilitieR, which merely 
differ by the extra separate resistance placed in series with the 
same moving coil. 

The left-hand termiml 
marked 15. together with 
the common right-hand one, 
constitute the pair pertain- 
ing to the inner 15-volt 
.scale, wliiie the terminal 
nest to that marked 150 
with the "common" one per- 
tain to the outer or 150- 
volt .scale. The dark-look- 
ing Ijaud inside the inner 
Hcale is a strip of looking- 
glass, which ia for the purpose of preventing parallax when 
observing the readings of the pointer. 



TjiH.. MuHng-C. 



Hartmann & Braun's Moving-Coil Ammeters and Voltmeters 

These instruments, supplied by Messrs. O. Berend & Co., work 
on the same principle as the D'Arsonval galvanometer, have a 
spring conti-ol, and are dead-beat. 

Fig. 127 shows a perspective view of the working parts. It 
will be noticed that the moving coil, wound with many turns 
of fine silk-covered copper wire, ia pivoted inside a brass tube 
(shown cut away at the right-liand side), carried by the fi-ont 
brass disc. This tube just slips in between the two soft-iron 
pole-pieces fixed to the limbs of the powerful permanent fl-shaped 
magnet. The cross-bar carries the front jewel, and the end of the 
tube the back one, and the pointer is fixed to the spindle, which 
carries the coil between the two hair-Hprings. These are both at 
the front end, and serve to lead the eun-eut into and out of the 
moving coil, while at the same time controlling its motion. 

The damping or dead-beat action of the moving spindle is due 
to the retarding effect of the Foucault currents induced in the 
metallic fi-ame on which the moving coil is wound. 

The magnetic field due to the permanent magnet is concentrated 
and directed through the interior of the rectangular moving coil by 
a Koft-iron cylinder, fixed inside the coil, and concentric with the 
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wntaining tube. Owing to the powerful field Bet up between the 
•oles, and to the short distance which the rniij^ctio lines travel in 
r between pole- piece and kti I ■ -i- idstrunieuts 




re practically uuaffected by external magnetic fields, while to still 
urther ensui-e this the wliole is u'on-cased. 

Tliis type of instrument is essentially a potential measurer, and 
hen used for this purpose alone, the moving coil is placed in aeries 
ith a high resistance aci-oss the terminals of the iostrumeDt. 
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It can also be employed to measure currcntB by sbuDting tits 
moving coil by a low-resisUtnce strip, and for currents above 100 




I* ^f I.1C10 

amperes this atrip is not placed inside the instruinent as indicated 
in tig. 128, which shows a corrugated sheet or shunt in the back 
of an instninieut, iiiid the method of connection by front or back 
connecting lugs. Both ammeters and 
voltmeters have perfectly uniform scales, 
with equal divisions from to the 
iiiivxiinum. They ai^, however, only 
available for use with direct cuirenta. 




The -Victory" Moving-Coil Am- 
meters and Voltmeters 

These instruments, suppliea by 
i^nnuitDi-iuiguFtiuattntiieiiu Itlessrs. H. M. Salmony & Co., of Lou- 
don, are of the permanent-magnet type, 
have a spring control, and are dead-beat. Their constructioa will 
be understood by a reference to figs. 120 and 130. A coil, con- 



MOVING-COIL EUKCTIIO-MAGNETIC INSTRUMENTS 



in 



sisting of a number oE turns of fine insulated copper wire, is placed 
between two concentric rings of sheet or band copper of bigli 
conductivity, but is insulated fi-om them. This coil aud baud is 
carried by two pivots, in alignment, and run- 
ninj; in jewelled centres, and is conti-oUed by 
two phosphor-bronze hair-springs e, whicli 
6erve to lead the very small current into 
and out of tlie moving fine-wire coil. The 
pointer is attached to tlie coil and moves with 
it. The whole arrangement is fitted in a 
tube, with the front opening shown at one 
side, fig, 130, and this is capable of just slip- 
ping in between the poles of a powerful cir- "b 1*1— woving-cuu 8y«- 
cular permanent magnet a, fig. 12!), made of Mmtiift uiimmeat 
specially -hardened and well-agedmagnetic steel. 
A ball F of the softest iron obtainable is fi.xed inside but not touch- 
ing the moving coil, and thi.s not only directs the miignetic field 
through the coil but cousidembly uuguients it, thu« making the 
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Ftg. 131. — " VLi:kKl ' I'crinuneuC Magnet \ullo 



instrument more sensitive. The action arises from a current 
passing through the fine-wire pivoted coil, causing it to deflect 
through a certain angle against the torsion of the springs. The 
dead-beat action is caused by the induced current generated i 
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the copper rings aa they move with the coil in the powerful fixed 
fietd due to a. These instru.men_t» have uniform aoalen of ei^ual 
divisions throughout, and when used for nieosuring higher voltagw 
have a separate high resistance, usually of several thoiLsand ohnw, 
connected in series with tlie 
moving coiL Fig. 131 shows 
the general form of a Victory 
type voltmeter, and one edge 
of the moving coil can just be 
seen. 

These instruments an 
made into ammeters by shunt- 
ing them to a low-resiatauca 
strip, which carries the miun 
current. Such a combination 
is shown in lig. 132, which 
represents an ammeter gradu- 
ated for 120 amperes joined 
to the low-resistance shunt 
seen to the right. The mab 
circuit is connected to the 
two jmii-s of bolts seen at 
either end. This shunt is for 
100 amperes, and has a resis- 
tance of 400 microhms. 

Alternating-Current Induc- 
tion Ammeters and Volt- 
meters 

These iustrumente, made 
by the Electrical Co., London, 
are applicable solely to tho 
measurctueut of alternating 
current and pressure, and will 
not work with direct currents. They depend for their action on 
the electro- magnetic screening effect of eddy currents, the tor(|ue 
causing the deflection being produced by the mutual action of 
eddy currents in a light metallic pivoted disc, and in a metallic 
screen which partially shields the disc from the magnetic action. 
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Fig. 133 shows in plan and side elevation the principle on 
which these tustrumenta work, and Gg. 134 the actual construc- 
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tion of a finished instrunient in frunt and side elevations. They 
consist of a working magnetizing coil c, which energizes a well- 
laminated magnetic circuit having pole-piecea e, also well-Iamin- 




id, and separated only by a nai-row air-gap. In this gap between 
the poles E ia a metal disc D, nioimt*;d on a hoiTzontal spindle S, 
pivoted in jewelled centres, and carrying the pointer P and balance- 
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weight H (fig. 134). B is the supporting bracket that carrita tbe 
spindle s and its attachments. 

Covering the greater part of each pole face E, and bent back bo 
as to cover the top aad right-hand side of each, are the fixed metal 
screening-plates F (fig. 133). 

The movable disc D is further acted upon by the separate 
permanent magnet M (fig. 133) and N (fig. 134), between the poles 
of which V rotates. Eddy ui- Foucault currents are thus product 




in the disc, thereby giving the necessary damping for making the 
movements of the spindle .s dead-beat. 

The action of the instrument is as follows: — The lines of force, 
emanating from one magnet pole to the other, partially cut the 
stationary screens F and the movable disc D (to the left of the 
screens) and induce eddy currents in them. Aa these currents 
are produced by the same magnetic field, they flow in the same 
direction. But by the weU-knowu fundamental law in electro- 
djTiamics — parallel currents flowing in the same direction attract 
one another, and as the eddy currents induced in D are induced 
in it to the left of the screens F, the disc D has exerted upon 
it a ton[ue in the direction of the arrow fig. 133, oft-ing to the 
attraction between the induced eddy currents in D and F Fig. 135 
shows the internal view of an induction ammeter, and fig. 136 the 
geneml view of a voltmeter, fi-ora which the kind of s 
obtained with these instruments is clearly seen. 
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For voltmeters between 500 and 1000 volts the coil of the 
itniment is in series with a choking coil placed outside the volt- 
meter, and corresponding to the extra high resistance in the moving- 
coil direct- cun-ent voltmeter, while for higher pressures a " voltage 
transformer " is employed, and 
the instrument connected to the 




Fig. IK. -Melhod 

^Boondary, which is at about 100 volts pl^'8sure, the primary being 
^^B the high potential of the line. 

^H The connection of this voltmeter to the high-prenaure mains 
^^uough the voltage transformer is shown in fig. 137, and the 
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— Prindpls of Corrent Tranitonner 




transformer itwlf in fig. 138, which indicates the general appear- 
ance of it. 

In the caae of ammeters for measuring current in high-tension 
circuits, a carrent transformer is used with (in ordinary low-tensio- 
ammeter of this induction type, as shown diagramniatically 
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fig. 139. In this way, no cun-ent at high tenaiou is led into or out 
of the measuring instrument. 

An actual cuiTent transformer for currents up to 250 aiupen^ 
is shown in tig. 140, and one for 600 amperes in fig. 141. The coii 
which is connected with the high-ten.sion circuit, and which b 
seen in fig. 140, consisting of a single convolution, is very highl; 
insulated. 

The secondary winding leading to the ammeter haa only a few 
volte pressure across its terniinals, hut sufficient to enable tha 
instrument to he placed some considerable distance from the current 
transformer and the high-tension mains. 

TheappH<?;ilion nf cni'iTdt transformere, which may be immersed 
in oil or othL■l■^vi^^■, is nui n;stricted to high-tension cii-cuits alone, 
but can be used with a low- 
tension net - work taking 
heavy cunents. In sucli 
cases the copper coils of 
the instrument itself would 
havi! to be made of tlw 
name sectional area as the 
mains, necessitating a very 
large increase in the size <^ 
the instrument. 

By the employment of a current transformer, however, placed 
in the main circuit, only two small wires need be taken to fhi 
ammeter, as shown in fig. 142, which represents an inductioa 
ammeter with current ti-ansformer for 3000 amperes. The applica- 
tion of cun-ent transformere possesses an additional advantage, for 
by means of a multiple-way Bwitch an operator can, with one and 
the same instrument, compare the currents in different branch 
circuits, without interrupting the currents flowing in them. 

This is the case with three-phase currents, when it is often 
requisite to be able to accurately compare the cuirents in the 
different circuits. 

The common arrangement is to use two or three ammeters, 
which haa the obvious disadvantage that the instruments do not 
always agree in their indications. Fig. 143 indicates the con- 
nections for the comparison of two-current circuits, in each of which 
is a current transformer, the secondary windings of which are 
connected to the ammeter by means of a two-way voltmeter 




neter switcL J 





These induction instrumenta possess the advautjige that their read- 
ings are leae affected by 
the wave form of the 
alternating current than 
the electro- magnetic mov- 
ing - needle instruments, 
tlie principle of which 
depends on a piece of ii-on 
being either attracted or 
repelled by the mag- 
netic field due to the 
main-current coil. The 
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animeter is less dependent on fluctuations in periodicity than the 
voltmeter. This does not play an important part, however, as the 
majority of central stations are built for a certain fixed frequency, 
and these instruments can be calibrated for this fixed periodicity. 

Ferraris Induction Ammeters, Voltmeters, and Wattmeters 
(For Alternating: Currents only) 

These instnimente, supplied by Messi-s. Siemens Bros. & Co., of 
I>mdon. are essentially intended for the measurement of single and 
polyphase alternating currents only, and will not work with direct 
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Fig. 144.— Principle ul Famrli ladnctJan Voltmetsr 

currents. The principle on which they are constructed and on 
which they work is a distinct departure from that of the usual 
types of measuring iastrumeuts, and is both simple and conducive 
to tile accuracy of the readings. 




ELECTRO-MAGNETIC INDUCTION INSTRUMENTS 



119 



A sketch of a voltmeter of this type is shown in flg, 144, by 
a reference to which the general principle of these instruments, 
which ia simply that of a Ferraris induction motor, will be under- 
stood. 

They consist of a light aluminium drum D mounted on a 
horizontal spindle, pivoted in jewelled centres. To the drum is 
attached the pointer p. 

The angular motion of the drum D is constrained by a pair 
of light hair-Rprings s. and its motion made aperiodic by the 
two powerful permanent steel magnets M inducing local eddy 
or Foncanlt currents in the 
drum which retard its mo- 
lion. 

The drum is acted on by 
* rotating magnetic field 
pPoduced by four poles a .* 
«Dd B U sun-ounding it. One 
■opposite pair of these poles 
A A is energized by the cnr- 
•^nt to be measured, and 
*''e other pair by a shunt 
Current which is displaced 
'Q phase from the main cur- 
•^nt by means of a cJioking 
*^i\ c in series with D h. 

These main and shunt 
'^ils are in parallel between 
^he two terminals T and t of the instrument, and the main-coil 
"^^anch has a non-inductive resistance R in series with it, which 
"* the case of an ammeter is a low resistance, when the choking 
*^i] c is not used owing to the coils themselves having sufficient 
**>ductance in an ammeter. 

In this form also of the instrument, except for quite low ranges, 
* current ti-ansformer is used, so that it is unnecessary to bring 
'ieavy current conductors to the instrument, small leads only being 
'•■M^uircd. as in the case of shunts with direct-current ammeters. 

With voltmeters of this type a transformer is used for the 
liigher ranges to reduce the voltage at the instrument to some 110 
vrjlla. Wattmeters for the higher ranges are used with a choking 
, cuiJ in the volt circuit, and a transformer in the current circuit. 
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A view of an ammeter with case aud scale removed ig Bhown in 
fig. 145, the white baud or sUip of metal in the right-hand bottom 
comer being the non- 



inductive low resistance 
in series with the main 
coil. 

A view of this in- 
.stiument, with ecale 
anil cose in pofution, is 
sliowu in fig. 146, from 
which the scale will te 
St.- en. 

This, it will be noticed, 

I -^^ ' ' ^^^^H^ i-i tolerably long, open, 

b ^^^^^^^^^^^^^^^ and uniform. 

W ^^^^^^* These instrumentsare 

practiciitly unafiected by 

Fig. UB.-Fmurl.lnimoilouAmn.eUr ^ •' ,■ c AJ 

external magnetic nelos, 
as the moving part is non -magnetic; and further, a variation ot 
10 per cent in the frequency of the supply being meannred 
will not affect the 
accuracy of t^ 
readings. 

The connections 
of the coils and 
non-inductive resis- 
tances in the case 
of a wattmeter are 
shown in fig. 147, 
in wliich h h are 
» ,.7 -c„,„t,.^^.,c^^,..^^«^„« I., T.„^. ji,^ two main coils. 

ss the two shuot 
i, c the choking coil, and RRR the non-iuductive resistances. 




Westinghouse Induction Ammeters and Voltmeters 

These instruments, made by the British Westiiighouse Electric 
and Mamifttcturing Co., are of the induction type, and have a spring 
control. They are con8e<]uently alternating -current iustruments, 
and will not work with continuous currents. They are usually . 
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calibrated for the periodicity of the circuit it ia intended to instal I 
them upon, but they read accurately within 25 per cent above or 
below the penoflicity they are atandardized at. In principle of 
Klion they are closely allied to the Westinghouae integi-ating watt- 
meter (p. 288), and their construction 
prill be understood better from ii 
ieference to tig. 148, which showH 
iiflgrainmaticilly the intemnl work- 
parts in perspective. 
They consist of a thin alunjiniuni 
disc D, shaped as shown, and 
lounted on a horizontal spindle 
A, pivoted in jewelled centres (not 
lown), The rim of this disc D, as 
1 turns, moves through the narixjw 
ir-gap separating the poles b anil 
of a well-Iau)inated magnetic cii 
lit L, composed out of the softest 
iredish charcoal iron, of thin stamp 
G, of the shape shown. 
A sufficient number of these 
e assembled and secured side by 

Over the Hmb or pole b is slipped 
magnetizing coil c, wound with 
lerahly small gauge insulated cop- 
r wire. This coil is connected 
the two terminals of the in- 
tent in parallel with a non- 
ductively-wound resistance, which 

also connected across these ter- 
balfl. 

A pin E, attached to the erige of D, limits the angular play by I 
ipinging on flexible stops. 

The spindle A a carrying the disc is controlled by the phosphor- I 
onze hair-apring s, while the motion of the disc D is damped by i 
»n8 of the permanent magnet M, between the poles of which D ] 
>veB. 1 

Fig. 149 shows the general appearance of an ampere-meter 1 
r measuring alternating currents up to 200 amperes, but the i 
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voltmetei- and wattmeter of this make are precisely siuiilar I 

appearance. 

It will l>e noticed that they liave estremely long sciile^ 

subtending an arc of about 300", and are similar in this respect 
to the author's inatniT 
ments (pp. 72-74). 

Owing to the length 
of scale, the diviaions 
arc, long, open, and 
lii.siinct, thus allowing 
I'L'udingH to be made 
with ease and accuracy. 
With all ammeters 
of greatei' capacity than 
5 amperes, series trans- 
foiiners are used, which 
are separate from the 
ammeter. For capacities 
of 800 amperes and 
above, these transfor- 
mers are made to slip 
over a cable or Itus 

bar. The use of series transformers allows the instrument to be 

fixed at any convenient place, and not close to leads canying 

heavy cuiTcnts. Pressure transformers are used with the volt- 

metei-s for voltages of 300 and upwards. 
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CHAPTER IV 
HOT-WIRE AND ELECTRO-STATIC INSTRUMENTS 



It is convcnieut, for several reasons, to group these two im- 
portant classes of electrical engineering measuring instruoieiits 
together. 

We will, however, treat of each class separately in respect to 
the general considerations pertaining to the instruments form- 
ing it. 

Hot-Wipe Instruments.— In these the heating effect of the 
current is made use of for indicating the current or pressure to be 
measured. 

It is a well-known fact that the linear expansion or elongation 
of a wire when heated is ct to the rise of temperature (t" C, say) 
X coefficient of linear expansion (a) for the material of which, 
the wire is made. 

The coefficient a is defined as the extension of a body of unit 
length between 0° C. and 1° C, and is a constant within certain 
limits of temperature. Hence we have the rule that the 



KWh. 



elongation o/avi 



Xlho, 



8 of temperature r* C. 



a current of c amperes flows through a wire of R ohms 
resistance, the number of heat-units h developed in the wire per 
second is ot c^ B a e c, where c = "■ and E is the potential 
difference across R. 

But 1 ampere flowing through 1 ohm generates 024 heat-unit 
per second, where this heat-unit is the amount of heat required to 
raise 1 gram of water through 1° C. 

Hence if the current c flows through R ohms for ( seconds, the 
total number of heat-units generated H = 024c'Rt = 0-24 ec(. 
If a = the specific heat of the material of the wire, which may 
be deSned as the quantity of heat nbsorbed by it for a given rise 
of temperature, compared with the quantity of heat absorbed by 
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an equal mass of water when raised through the same rauge, and i( 
w = weight of wire in grams, 

then f = 0-24 ~ = 0-24 °^^, 
whence t" = fa oonatant) x b c, 
i.e. T QC B o, 

where t may be taken an unity, and both w and s are constanta 
for the given wire. 

But if the resistance of the "n'ire R remains constant, 
then c varies directtj as s, 

consequently the expansion a t a E a c. 

Thus the principle can be utilized for measuring both current 
and E.M.F., and a material is chosen for the wire which has an 
extremely small teuiperatuie coefficient. By this means R remains 
fairly coustant, and therefore only the expansion of the wire has 
to be measured. 

Hot-wire instruments have the great advantage that they will 
measure accurately, direct, aa well as alternating, currents of any 
" frequency " or " wave foi-m ". 

They are absolutely free from temperature errors, as thv- 
heating etfect is made use of in the actual measurement. 

They are dead-beat, direct-reading, and absolutely unaffecte<l 
by external magnetic fields. 

Their disadvantages are: that they absorb a good deal of energj-, 
and will not indicate voltages lower than about one-fifth of tlie 



Electro-Static Instruments. — These are employed for measur- 
ing E.M,F.'s and depend for their action on the electro-static 
attraction and repulsion between fixed and movable conduetora 
close to, but insulated from, one another. 

Owing to the small forces acting, the control is usually gravity, 
but in some cases that due to the torsion of a wire or spring is 
employed. 

This type of instrmnent possesses the great advantage of being 
non-magnetic, aoid therefore entirely unafiected by external mag- 
netic fields. 

It is equally accurate on dii*ect and on alternating current 
circuits of any periodicity or wave form, as it lias no self-induction, 
but, on tlie contrary, an extremely small capacity. It has no 
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tfmperature error, and cousuuies no energy at all, as the terminal 
resiaUiDce ia practically intiiiitely large. 

The disadvantage lies in the fact that low voltages are not 
e»»ily or clearly indicated, and that the scales of such instruments 
lire usually somewhat short and the divisions a little crowded in 
consequence. 

In the present chapter both the hot-wire and the electro-static 
instruments which are commonly met with in practice, will be 
described, each being treated separately. 



¥ 



Cardew Hot-Wire Voltmeter 

This well-known insti-umcnt, invented by Major Cardew, and 
made by more than one manufacturer, is very simple in principle 
and action, though somewhat delicate in its mechanism. Its action 
depends on, and is governed by, the linear expansion of a tine 
metallic wire, caused by the heat geneiated in it due to the passage 
of an electric current through the wire. 

The theory of the measurement of potential difference by hot- 
wire instruments will be found on p. 123. ef seq. Suffice it here to 
say, that a measure of the elongation of the wire by heut forms 
a measure of the potential ditl'erence applied to ita extremities, 
which can therefore be obtained. 

The construction of a Cardew voltmeter, by which tlie indication 
of this elongation is obtained, and in which the many possible 
aources of error are practically eliminated, is shown in fig& 150 
F»nd 151. 

It consists of a circular brass ease, the sides of which carry the 
terminals of the instrument, the cover in tig. 151 being removed to 
show the interior from the back. The circular scale is at the other 
side of tlie case. To the lower pai-t of this case is fixed a plate of 
braae, with an aperture in its centre; this plate carries two metal 
rods, which at their lower ends support a ring of metal to which 
is fixed a fi-ame. In the frame b pivoted a spindle oo which runs 
in jewelled centres and carries, but is insulated from, two light metal 
gi-ooved pulleys, m and X, shown in fig. 150. t, and Tj are two fi.\ed 
brass blocks, of which T.j is in connection with the right-hand ter- 
minal (fig. 151) through a wire, while T, is connected to the left- 
hand terminal through the two spring brass strips and the fuse 
shown in a slanting position between their ends. 
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The working wire w, which is heated by the current, is made 
of platinum -silver, 00025 inch in diameter, and has one end fixed 
to the block Tj. From t^ it passes down aud round the riglit-hand 
metal pulley N at the bottom, and then returns and passes rounil 
a small V-gi"ooved pulley Q of 
bone or vulcanized fibre; it then 
passes down and i-ound the other 
metal pulley M at the bottom, 
and finally up to the brass block 
Ti to which it is attached. 

Although the use of working 
wires of ditlerent diameters is theo- 
retically the most perfect means 
for obtaining different ranges in 
the Cardew voltmeters, experience 
S\ has conclusively shown that wire 
of less than 00025 inch diameter 
is unable to st^md the rough usage 
to which a voltmeter is at times 
subjected. Hence this size has 
been fixed on as a regular one for 
use as the working wire. 

Platinum - silver has been 
choHen as the material because of 
its lower variation of resistance 
with temperature and high specific 
resistance. 

The terminals are insulated 
from the ca.se by bushes and 
wawhors of insulating material. 
uyually vulcanized fibre, and the 
blocks T, and Tj from one another 
and fi-om the case by being fixed 
to a block of insulating material 
-which is itself screwed to the brass base plate. 

The working wire is strung in such a way that the elongation 
causes both metal grooved pulleys at the bottom of the rods to 
rotate in the same direction (as shown in fig. 150), thus minimizing 
the effect of friction at the pivots. The rods and wire ai-e protected 
from injury by a long brass tube (not shown in fig. 150) outside. 
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I The little grooved button q, round which the working wire 

ises, does not literally act ae a pulley after the wire is strung, 

^Snce any elongation tjas no effect in causing it to rotate. It is 

mounted on the lower end of a thin light brass etiip R by a small 

screw passing loosely tlirough its centre into K. 

To the upper end of R is attached another thin platinum -silver 
wire which passes up and once round a specially -gi^ooved metal 
pulley A, and thence passes up and is attached to the lower end 
of a German-silver 
helical spring s. The 
upper end of this is 
lixed to one end of a 
k'Ver L pivoted about 
a fulcrum F, and capa- 
ble of bemg tilted hy 
the tension -adjusting 
ncrew K. This can l>e 
sen-wed up or down 
by turning ita milled 
Jiead h at the top of 
the instrument case. 

The function of s, 
which is at the outset 
in tension, is to im- 
mediately take up any 

Hllick or elongation Kg-lM.-InlerMr-.rn^M^J^^.Utiitii.(n,ni(heBitl( 

of the working wire 

due to it being heated by the passage of current. Experience hos 
shown that a spring of the form shown at s, and made of German 
silver, exerts a fairly constant tension on the working wire over 
long periods of use. Any variation in the tension, such as would 
have the effect of altering the zero position of the pointer of the 
voltmeter, can be con-ected by slightly tuiuing the screw /rK, and so 
bringing the pointer back to zero for no current through the in- 
Htrume nt. It will now be noticed that on the passage of the current 
y and R will move upwards by an amount equal to the expansion 
of ttvu lengths only of the heated wire, namely, either those between 
Q and T, or Q and Tg. In this way s may be allowed to exeii a 
fjTeater force, since it pulls at two wires together instead of i 
Hence, by measuring tlie distance through which K moves, we shall 
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have a meaflure o£ the expansion of tiie working wire, and i 
setjuently of the potential clifl'erence applied to it, and which chu* 
its expansion. Further, since this distance is small, it will have f 
be magnified by some multiplying arrangement, which must be ^^ 
fnctionlesH as possible owing to the force producing the inotio*' 
being ro small. 

The pulley A is fixed to a light spindle o, running in jewelled 
centres, which also carries a toothed wheel h. 

Tiiis wheel B in turn gears into a small pinion c mounted, to- 
gether with a light hair-spring D and tlie pointer P, on a second 
spindle E parallel to the firsthand also ninning in jewelled centres, 
It will now be seen that since the diameter of the toothed wheel B 
is much larger than that of the geared pinion c, this latter with its 
spindle and attached pointer may make nearly one revolution for 
a small angular motion of A caused by the small expansion of the 
working wire, the diameters of A and B being about the same. 

The teeth of the pinion and wheel B are carefully made to fit; 
but obviously they cannot be fitted so closely and tightly as to 
avoid "play" or "back-lash" between the teeth, owing to the fric- 
tion that would thus result. To avoid the errors that would be 
caused by this, the fine hair-spring d, seen in tig. 150, is inserted, 
which always maintains a very light pressure of the teeth of the 
pinion against those of B in the same direction or aerme. This 
ensures that the pinion moves absolutely simultaneously with the 
driving toothed wheel B in whichever direction this latter turns. 

A difficulty in early forms of Cardew voltmeters arose with 
regard to the fine wire and pulley A round which it passes, for it 
will be obvious that this wire must pass round A without any 
slipping and without causing friction. Tliis difficulty has been got 
over in the way indicated in tig. 150. The pulley A has two 
naiTow parallel gi'ooves in its circumference side by side, and a 
fiat a is filed at one part of the edge in which two small set-screwa 
are inserted. The wire w is led from B, as seen in fig. 150, partly 
round one groove across the flat a round the heads of the set-screws, 
and round the other groove up to -s. 

Thus, although the wire is not clamped under the head of either 
set-screw, which it would not bear, it is imable to slip past the 
screws. The arrangement is rjuite satisfactory, since the pulley A 
only turns through a small angle. 

It may be asked why the expansion of two lengths only of the 
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wking wire, instead of the whole, should be used in indicating the 

*«ntial diflei-ence applied. It will, of coui-se, be at once obvious 

'W HJnce the current passes through the four lengths in series, the 

''*=*ting of each is the same, and therefore the total expansion four 

""lea that of one. A little consideration will, however, make it 

'''^■ar, that while in the latter ease twice as much indication or 

""ition of n would result if it were at one end of the working wire. 

''J' having it as shown the tension or force due to s is equally dis- 

'i"il>uted between both wires running from Q, which might in a 

■^i-D*!, and but for convenience in wiring, be fixed to Q. Thus a 

j;reater tension can be exerted by s, causing A to be turned by twice 

I the force, thereby minimizing friction and obviating the necessity 

for the ase of a thicker working wire to stand the tension. A 

ssfety fuse is shown on the left-hand side of the mechanism, 

fig, 151, and consists of a short length of platinum-silver wire, 

00014 inch in diameter, laid in a protecting groove in a short 

length of rectangular vulcanized -fibre rod terminated by brass caps 

at each end, to which this fine fuse wire is clamped, and which 

therefore fonn its terminals. 

Tliis fuse is slipped into the two spring-brasS clips seen in con- 
nection with the left-hand terminal and the brass block T,. Hence 
the insertion of a new fuse is only the work of a very abort time. 
It should be carefully noted that this fu^e, though finer than the 
working wire, will only protect this latter in cases where the E.M.F. 
either rises gradually or, if applied suddenly, does not exceed by 
100 per cent the highest scale reading- 

The sudden self -inductive rise of E.M.F. consequent on lifting 
the brushes, or in any other way breaking the field circuit of a 
dynamo to which the voltmeter is connected, will probably melt 
both {use and working wire. Again, if, while the voltmeter is 
connected to the low-tension tenninals of a transformer, the insu- 
lation breaks down, the fu.se will be powerless against the sudden 
application of the high E.M.F. of the primary. 

With the exception of the two rods not shown, but which sup- 
|K)rt the centres of the spindle o o, the outer enclosing case of this 
voltmeter is of brass. 

These i-ods, however, cannot be made of brass or iron owing 
ttj the coefficient of expansion of these metals being respectively 
greater and less than that of the platinum-.silver working ' 
This would cause the rods to expand with changes of temperatm^^ 
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atmospheric or otherwise, to a greater and less extent than the wir^ 
and so cause a deflection of the pointer even when nu current wa^ 
flowing. As this would cause serious errors, 
the rods are made partly of brass and iron, as 
platinum - silver would be too costly. The 
lengths of these metals forming the rods are 
so proportioned thatr the greater expansion or 
contraction of the brass coimteracta the less 
expansion or contraction of the iron, thereby 
causing the rods to have the same coefficient 
of exptin.sion as the wire itself. 

Fig. 151 illustrates what is called the rod- 
pattern Cardew voltmeter, the rods and work- 
ing wire being encased in a brass protecting 
tulje (fig. 154) which can easily be removed to 
allow access to the wire for restringing when 
necessary. This rod pattern is usually used in 
a vertical position, but in such a position the 
oscillations of the pointer, caused by the heated 
air inside being displaced by colder air rising, 
and thus causing air currents, limit the accuracy 
of observation to from J to I volt over the 
whole scale. This oscillation is entirely absent 
when the instrument is used horizontally, for 
the wire then lies in a more uniformly heated 
space, and the air currents are feebler and moro 
uniformly distributed; 
but in this position 
the friction is greater, 
and the gain in accuracy is so small that 
in the 150-volt instrument the advantages 
are. on the whole, on the side of the ver- 
tical pattern. 

At the high readings the rod pattern 
reads about j per cent too low, if left 
continuously in circuit, owing to the tem- 
perature rise. 

Another pattern is made in which the rods are dispensed with, 
and the tube, which is now compensated, used instead. This tube 
instrument, which is more costly than the rod type^ is used horizou- 
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*"y only, and reads accurately under all conditior 

" liny ordinary temperature. 

"le pulleys are now carried 
and fixed to, the end of 

the tube itaelf, and this makes 

it much more difficult to re- 
wire the tube form than the 

rod type of instrument. 

Since the heating effect of 
the coiTcnt affords a measure 
of the KM.F., thp fixating 
error common to all but elec- 
tro-static voltmeters is en- 
tirely absent here. For similar 
n^osons the instrument is un- 
fifiected by external magnetic 
lields. and as no irou is used 
in the actuating part, and the 
n-ire not coiled, the instru- 
ment poasesses only an ex- 
ti-emely small self-induction. 
This gives it the enoniious 
advantage of being an accurate 
iiit?H.surer of alternating as 

ell as direct current E.M.F.'s. 
Cardew voltmetera are con- 

iructfid to measure up to 120 
150 volts with only the 
linary working wires, the 
scale being graduated fram 
30 volts in the former and 
40 in the latter, i.e. the gradu- 
ations commence at a quarter 
of the full-scale reading. If 
tiiglier - reading instruments 
jtru wantefl a resistance-tube 
1)118 tti be used in seriea with 
the actual instrument, in ac- 
cordance with the principle mentioned on p. 14 for 
low-reading voltmeter measure higher voltagea 
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In the present class of infitniment, however, such tube reast- 
nnces must be constructed so aa to be under working coDditi<m§ 
precisely similar to those the wire in the instrument itself is under. 

Fig. 152 shows the form such an extra series resistAnce takes, 
as made by the Ediaon & Swan Co. It consists of a braas tube of 
the same size as that fixed on the voltmeter, in which is atniDg & 
wire of the same size, resistance, and length as that used in the 
instrument. 

The two terminals of the wire are fixed on the ebonite cap 
which closes one end of the tube. 

If this resistance is connected in series with the voltmeter, then 
the multiplying factor for all the readings will be 2, since it will 
now require just twice tlie E.M.F. at the ends of the combination to 
give a full-scale deflection. 

Fig. 153 shows the fuse whicli the Edison & Swan Co. fit in all 
their Canlew voltmetei's. 

It consists of four fuse wires, which can be placed successively, 
OS they become fused, in series with the working wire of the instru- 
ment, by turning the disc which carries them round a quarter of a 
revolution. Contact is made with each fuse through the heads of 
the central and side screws touching two springs in the instrument 
as the fuse block turns. 

Fig. 154 illustrates a complete voltmeter, reading from 30 
to 120 volts. 



Cardew Low-Reading: Hot-Wire Voltmeter 
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It will have already been observed that the hot-\vire voltmeters 
described up to the present cnnnot be used for determining small 
KM.F.'s, though such often require to be measured. The unsuit- 
ability arises from the extremely small elongation produced by 
the small rise of teinperatui-e caused when so small an E.M.F. 
is applied. Major Cardew devised a form of hot-wire voltmeter, 
illustrated in fig. 155, which is capable of reading either alternating 
or direct current voltages from 05 to 25 volts. In an instrument 
of this nature there must be no friction whatever in the mechanism, 
and indeed it is this condition which makes the device a possibility. 
The construction is ingenious, and consists of a platinum - silver 
wire www, 00025 inch in diameter, held taut by being attached 
to the upper ends of two spring bows or strips B B, with which, it 
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makes metallic connection. This working wire also pasaea round 
the two V-grooved brass studs fixed to the metal bar EE, and round 
11 pin let into a bra.ss nut F, which moves up or down by turning 
tln3 screw A, thus forming the zero adjustment for the pointer p. 
This latter is carried or suspended from the tops of bb by the two 
I light springs ss and rigid wires iiR, but none of these put the top9 







Si.— Principle or Low-Reidlng Cn/di 



f the spring bows BB in electrical connection owing to silk 
I being used to tie them to bb. 
The bows BB are given a quarter twist at their lower ends, 
[ then fixed to a brfiaa block v by set-screws. 
A light bar cc presses BB up against the bar K when the 
is turned once round, thus clamping the bows when the 
'umeiit is not in use. The scale plate is shown at h, the scale 
and lower end of p being on the other side, and therefore invisible 
in the %. 155. 

The terminals TiT^ are connected, one to the brass block D and 
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the other to the IjriLss bar E, which are insulated from one another. 

^^^^^^^^^^^^^^^ Thus, when a pressure is applied 

I^^^^^^^^^^^^^^H to the terminals, the curreut 
^^^^^^^^^^^^^^Hi flows up BB 

^^^^^^^^^^^^^^1 then down E to the 

^^^^^^^^^^^^^^1 ot)ier terminal T,^ This causes the 

^^^^^^^^^^^^H working ww to expand uul 

^^F^%-^^!I!?^^^H| allow the upper ends of BB to 

^^^ ; .. '™r;-'"r->.\'^^B| approach one another, and maka 

^^^^^^^^^^^^^H the pointer P move from right lo 
^^^^^^^^^^^^^^H an seen the diagram. 

J^^^^^^^^^^^^^^^ A a complete 

^^^^^^^^^^^^^^^^^^k instrument shown fig. 

FlB. IM—Luw-Rtiiding Car.le« Voltmeter whicll l^eads Up tO 2'5 Volts, 

The Hartmann & Braun Hot-Wire Voltmeter 

This form of hot-wiru instrument, of which Messrs. Johnson fr 
Phillips are the sole manufacturers for this country, is similar in 
principle to the Cardew hot-wire inatrumentfl, in so fai' that the 
heating eflect of an electric current in a wire of suitable resistance 
and material is by a special arrangement made to indicate the 
potential difference to be measured. The form of iustrument, how- 
ever, is a departure from that of Major Cardew 's, being much more 
compact and portable, and not having the somewhat unwieldy tube 
pei'taining to that instrument. In outwai-d appearance these Hart- 
mann & Braun hot-wire instruments are of the ordinary circular 
central -station "dial" form. From a reference to fig. 157 the con- 
struction of these voltmeters will be fairly apparent. 

The voltmeter consists of a metal compensation plate K made 
from a care fully- tested alloy, the temperature coefficient of resist- 
ance and expansion of which is the same as that of the working 
hot wire of the inhtrument. On this plate K the whole of the 
mechanism is mounted. The working or hot wire AB, which 
is made of platinum - silver and about 63 inches long, is 
stretched between a fixed stud B and a tens ion -adjusting aiTange- 
ment at A, by means of which it can be kept taut to the same 
extent should it at any time show a tendency to get slack due to 
any other cause than the passage of current. At c, near the mid 
point of AB, is attached another fine wire CF, of phoBphor-broDav i 
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which is held taut at right angles to ab by attachment to a fixed 
stud F. 

Near the middle ot the wire CF is attached one end of a fibre of 
cocoon silk at E, -stretched at right augles to CF. This fibre pa« 
round a special ly-gi-ooved metal pulley w, and has its other end, 
which terminates in a small eyelet, attached at U to a fiat steel 
spring S carried by a fixed stud G. The pulley w, together witli the 
pointer p, is carried by a small spindle running in jewelled centres, 
the front one of wliich is carried by the frame nl. Behind w is a 
thin and light aluminium riiig-shaped disc D, also rigidly attached 




to tile spindle, and the spindle is carefully balanced by a balance- 
weight 6, so as to rest in any position of the revolution when 
freed from the fibre he. The disc D as it turns round is capable 
of moving between the poles of a permanent steel magnet m, the 
arrangement constituting the Foucault damping device in the 
instrument. The action of the instrument will be at once obvious. 
The spring s always tends to keep the fibre he and wires cf and 
AB taut or in tension, consequently when the working wire ab 
becomes heated by the passage of the current it expands or 
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elongates, the correHponding '■ sag " being at once taken up Ly 
the spring s. The result is, that tht; fibre he moves bodily lo 
the left, causing w, t-ound which it is wound, to turn, and tliK 
pointei' i' to take up a certain position on the graduated scale 
(not shown in fig. 157) corresponding to the current through, and 
consequent heating of, ab. By the system of wires, fibre, pulley, 
and spring, therefore, any sag in A B is greatly magnified, causng 
the deflections of the pointer to be easily discernible and the scale 
divisions to be not 
only wide but open 
at the part where 
most desirable. 

For ranges up to 
400 voltJi a non-in- 
ductive resistance H 
of "eunstantan" re- 
sistance material is 
placed in the back ot 
tile instrument, where 
special means are 
provided for efficient 
ventilation. It is con- 
nected in series witli 
the working wire a b, 
as shown in fig. 157, 
T T being the terminal 
proper of the voltmeter to wliich the extremities of the combination 
of AB and R are connected. For higher i-anges than 400 volts this 
resistance R is placetl in a separate case. 

Fig. 158 shows the general form of the instrument complete for 
switch-board and other purposes. 

Since the quantity of heat developed by unit current in anit 
time is the same for both continuous and alternating current of any 
periodicity or wave form, and fuithei', since this class of measuring 
instrument works by the heating effect of a current and not by its 
electro- magnetic effect, the self-induction of the arrangement is 
practically nil, and therefore the scale readings are equally accurate 
on both direct and alternating-current circuits. They are entirely 
unaffected by external magnetic fields, and are almost dead-beat. 
The action of the Foucault damping device is that currents are 
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Tm "^'i'i'xd in the ring disc d as it moves acrass the magnetic iield J 
\g ae>doj>ed between the poles of the permanent magnet M, these j 
"B JOduced currents circulating in the rim of D in such a direction that J 
I^L tliey t*nd to oppose the motion which produces them. Thus the J 
^^■oBvillstions of the pointer P are ao damped that the motion isT 
^^1 almost dead-beat. 
^^r Means ai'e provided outside the case for enabling the pointer f 

^B *^o be adjusted to zero on the scale, should the necessity for so doing 
^P arise through overstraining the instrumenta Tliis is indicated 
**ytDbolically in fig. 157 by the spring and set-screw at the end A of 
^"t working wire. Tiiia, however, does not affect the scale gradua- 
''*>ns. This form of hot-wire voltmeter takes less current than 
"tiler instruments working on the same principle, tliat required to 
'Jt^flect the pointer over the full scale being about 022 ampere. 

A thin metal plate placed neai' the woi'king wire AU protects 
•■'^is latter from air diaturbanccs and tends to ensure ft more 
^oiforui heating of the wire. 

For high pressures the whole of the mechanism is highly 
*>38u|jited from the case by ebonite. 

_ Hartmann & Braun's Hot-Wire Ammeter 

^B^ This instrument, with the exception of one or two slight modi- 
^^^Cations in connectiou with the working hot wire and its extra 
^^p'^Histauce, is precisely similar to the hot-wire voltmeter (p. 134) of 
HE?*^ same name. It is manufactured in this country by Messrs, 
O^ohiison & Phillips, and is a somewhat new departure in the 
'*Pt>lication of the hot-wire principle to ammeters intended for 
*'-*"ge currenta 

The distinguishing difference from the hot-wire voltmeters of 
**^ same name lies in the airaugement of the working hot wire. J 
^^sfcrring to fig. 159, which shows symbolically the wire and part 1 

»^* the magnifying gear, which latter is described in detail in fig. 157, j 
i^ 1 a5. The working hot wire A b, which is thicker than that used ] 
l~ the voltmeters, is divided into equal parallel parts of two or ■ 
*^vir by thin silver-foil strips aed and a/r This enables 
* or 5 amperes to bo passed thiough the parallel combination 
. '"Hli a fall of potential of between 02 and 03 volt. The ordinary 
^^H lOiigtiifyJQg and indicating arrangements are fitted at cef, as shown 
^^H ^ detail in fig. 157. The pai'aliel combination is shunted to a low- 




Fig. 1G9.— FrlQClple < 

resistance coiisUutau stiip it, which can therefore be capable ot 

carrying currents of ' 

any magni- 
tude with a maxi- 
mum fall of potential 
uf from 02 to 03 

A general view 
of tlie complete in- 

L^^^^^HH ^ ^^^^^^^^ _.! ^H Mtrument shown in 
^^^^^HH^^^^V^k^^^^^^^^Hi lie noticed that 

^^^^^H^^^^^rHn^^^^^^^^Py (lie 
^^^^^^^^^^^^^^^^^^^^^Km/ range is about 

^^^^^H^RHfl^fi^^^^^/ maximum reading. 

^^^^^■J^^^^^^/ Tlie measuring 

Fig.i«).-HHtm.™,t[ir.n„[r„iui..A„,nu.i.r wire is Capable of 

standing, without 
damage, double the normal maximum current marked on the 
insti'ument. 
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Ayrton & Mather Electro-Static Voltmeter 
(Gravity-Station Type) 



As was pointed out in tiie case of tlie voltmeter, and for the 
sauie reasons, this type of ammeter is a valuable one for accurately 
measuring alternating currents of any periodicity or wave form, , 

^H This voltmeter, made by Messrs. Elliott 61*08., Nalder Broe. I 
^^B Thompson, and B. W. Paul, of London, is applicable for use on 
^■oth direct and aJternating- current high-tension circuits indis- 
^Kriminately with the same scale. 

^r It can be made for pressures up to about 12,000 volts, the most ! 
nsual size being for 2400 volts. 

The principle on which this instrument works, in common with 
all other electro-static voltmeters, depends on the electro-static attrac- 
tion and repulsion between two conductors, one fixed and the other ' 
movable, connected with the two points whose potential difference 
it is desired to measure. 

The construction of the instrument will be understood by a. 
reference to figs. Itil to 164. 

The moving needle N consists of two curved aluminium sheets AA 
(figs. 161 and 162) concentric with each other and the axis about ! 
which they turn, and eaiTied by the three light anns D, on a hori- 
zontal spindle F, pivoted in jewelled centres. An extension of th© 
arms at one end of the spindle terminates in a light flat copper 
plate 8, which moves in a vertical plane between the poles of a , 
strong permanent magnet M. The extremity of this plate s carriea 
the pointer p. 

The advantages of this form of moving needle or vane over those 

consisting of flat plates are: great«r strength and lightness, Jess 

moment of inertia, and greater dead-beatness; and further, since 

the arms of the needle are in one piece with the curved portions, 

■ the electrical resistance, so serious with rapidly -alternating cuirents, 

^fcven of the small frequencies met with commercially, is altogether 

^B^minated. 

^P The metallic inductors i, which are fixed to a metallic end- 
^nlate H, and carrieil by a corrugated ebonite block E fixed to the 
^■Mae of the instrument, ai-e shaped so as to give any desired scale, 
^Hiainely, one of equal divisions or oue spread out at a desired part 
^■^ the range. 
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■ The inductors i are all in metallic connection, and fixed coacen- 

H trically with the moving vanes A and the spindle f. The ebonite 

H E forms a support of high insulation for them. 
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11 -Principle ft AyrtoD & Mother 



The dead-beat motion in this voltmeter is obtained by *■ 
electro-magnetic or Foucault damper, consisting of a strong per 
mauent magnet M (fig. 161), fixed to the casting carrying tlie 
needle, and provided with a soft-iron pole-piece. A tliin copper 
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fOtor s, which balances the needle, swings between the poles of 

J magnet, and damps the motions by the action of the Foucault 
iuts generated in it. 

A general view of the needle, damper, and pointer, with the 
Lcket and disc which 
supports them, is shown 
in fig. 162, but the 
fixed inductors are not 
shown. Fig. 103 shows 
both fixed and movable 
inductora. 

The working parts 
are entirely screened or 
surrounded by the metal 
of the case, from which 
they are higlily insu- 
lated, and the pointer is 
not deflected by chai^ged 
bodies outside the case 

or by rubbing the glass even with dry warm silk, as 
the glass is coated with a transparent conducting 
varnish, devised by Prof. Ayrton and Mr. Mather, 
and described by them in a paper reail Ijefore the Institution of 
Electrical Engineers {Joar. I. E. K. vol. xsiii, p. 376). | 

All the exterior parts of the instrutiieiit are insulated from the 
circuit, so that a person handling the instrument cannot receive a | 
shock. The terminals, which screw into 
the case b, as shown in section fig. 164, 
each consist of an ebonite rod a. At the 
outer end a brass block E is embedded, 
and in this block the end of the con- 
necting wire is held by the ebonite- pig. io3,-MoHpg vui Fixed in- 
headed screw F, Tlie rest of the i-od is J^I^Ctic^swCvpiwIur' "°* 
hollow, and forms a receptacle for the 

fuse c, which is enclosed in a glass tulie with metal caps, to which 
it is connected. The fuse is put in cii-cuit by contact with the 
block E at one end and the cap o at the other. The latter pixijects 
into the case of the in«tniment, where it makes connection with 
a spring attached to the working parts. When a new fuse is 
ret^uired the terminal hB£ only to be unscrewed from the case, I 
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and the cap D, which is fixed by a bayonet-joint, removed; then, 

sliding in the new fuse and replacing the cap, the terminal ia 
screwed again in place. 

In addition to the two ter- 
minals which are in series 
with the instrument, there is 
a spark-gap also in series witb 
them inside the instruraeafc. 
wliich is a<ljusted to allow tt»e 
passage of a spark across th»& 
instead of between the needX* 

and inductors, should the pressure rise suddenly to a high value. 
The fuses blow when a spark passes at the gap, thus cutting tti.« 

instrument out of circuit. 

Fig. 165 shows thu geucraj appearance of the instrument, tt*-* 
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ebonite-cased terminals being underneath. At the left-hand side 
a switch is sometimes fitted, tlie handle of which is outside the 
case. This switch makes contact with the cap D (fig. 164), enabling 
all the working parts to be disconnectefl from the terminals and 
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afterwards short-circuited, thus leaving the instrument completely 
(liacliarged. A aeparate index pointer is fitted (seen pointing to 
2250 on the scale), and is set by means of the crown-wheel and 
pinion, worked by the milled head at the top of the instrument, 
to the working pressure of the circuit. The main pointer can be 
clamped for transit by tilting the instrument and turning the index 
aa far as it will go towards zero. 



Aypton & Mather's Electro-Static Vollmeler 
(for Low Pressures) 

This form of electro-wtatic voltmeter is primarily intended for 
pressures from 40 to about COO volts, the lowest reading in the 
range of this type being about one-third of the maximum. 

In principle, and partly 
in construction, it is similar 
to the high-tension standard- 
station type, but has a sprinj; 
conti-ol in place of the gravity 
control used in that type. 

The needle is of alumin- 
ium, balanced by the pointer, 
and delicately pivoted in 
jewelled centres on a ver- 
tical spindle. 

The total weight of the 
moving part is less than 25 
grains, so that the friction 

is very slight, and the creep- ^^- "^ "^^'''''s^u.'wa.icicr''"""' ^'^'"^ 
ing action absent. 

Owing to the instrument being enclosed in the metal contain- 
ing-case it is effectually screened from the effect of outside elec- 
trified bodies. Safety terminals and fuse? are provided, which are 
precisely similar to those described on p. 141. 

The case is highly insulated froai the working parts, so that it 
is impossible to get a shock by touching the case. 

The scale of these instruments is wide and open, as seen in 
fig. 166, being some 5 inches long njid about 4 inches radius. 

The motion of the needle is almost aperiodic. 
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Kelvin's Multicellular Eleclro-Static Voltmeter 
(Laboratory Type) 

This iiistniment, frenueutly designated the '■horizontal-scals* 
multicel hilar eiectro-etatie voltmeter", on account of its accuracy 
and constancy, countitutes a convenient portaLle standard for 
laboratory use. It is dead-beat in ita movement, haa a torsional 
control, and is made by Messrs. Kelvin and James White, of Glasgow, 

The principle of this and <jf all voltmeters of this class, u 




ment is enclosed in a metal case, for the double purpose of pro- 
tecting the movable part from air currents, and from the disturbing 
influence of any electnfied body outside, other than the fixed por- 
tion, diflering from it in potential. 

The construction of the voltmeter will be understood from a 
reference to tig. 167, which shows a plan, and fig. 168 an elevation, 
of this instrument. The fixed portions consist of two seta of quad- 
rant-shaped cells c in metallic connection with each otlier, and 
formed of a number of triangular brass plates fixed into saw-cuts 
in a braes back-piece, so as to be at equal distances apart and 
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mrately parallel to each other. Two sets of these cells c are 
fixed relatively to each other, as shown in fig. 167, by an iosulating 
vulcanite support to the sole-plate, so that their plates are hori- 
zontal anti completely enclosed within the cylindrical brass cose of 




the instrument. A terminal parses from them to an insulated 
binding-screw on the outside of the ease. 

On tlie top of this cylindrical case is a shallow horizontal cir- 
cular Hcale-box containing the scale of the instiiiment, and having 
a gloss cover which serves to protect the pointer I from air currents, 
and the scale and interior pai-ts from dust. 

The moving system consists of a number of alnminium vanes V 
(figs, 167 and 168), of the foim shown in metallic connection with 
the case, through the medium of the fine suspending wire. The 
aluminium pointer I, by its deflection, indicates the potential 
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difference between the fixed aud liiovable coatiugs of the ooa- 
denser. 

The moving vanes v are placed parallel to each other on a 
spindle with distance-pieces between them (fig. 168). 

The top end of this spindle passes through a small hole in the 
sole-plate p of the instrument, which forms the bottom of the scale- 
box, and is attached to a small coach-apring, which in turn is 
secured to one end of a fine iriilio-platinum wire 8UHi>ended from a 
torsion liead at the top of a vei-tical brass tube (fig, 168), 

The toraion head may be turned by means of a forked kej" 
provided for the purpose, and is clamped to protect it from acd- 
dentftl displacement by a cap which screws on to the end of the 
tube. 

This coach-spring, which is thus interposed between the sus- 
pending wire and the spiudle carrying the vanes V, has suffident 
resilience to allow the spindle to touch the guard-stop, and so to 
save the suspension from injuiy in the event of the instrument 
being roughly set down. 

Two vertical brass repelling plates, which also act as goaid- 
plates to prevent the movable part from turning beyond its pre- 
scribed limits, are fixed to the bottom of the sole-plate. These two 
plates, seen in tigs. 167 and 168, carry a guide-plate G with a 
in it, through which the lower end of the spindle passes. 

A tittle brass disc or head d is attached to the end of the 
spindle, and is sufficiently large to prevent its passing back through 
the hole in G. 

Thus the movable part is effectually secured from swinging 
about so as to be injured, and by no possibility can it come into 
contact with the insulated quadrants. When the instrument 
level the spindle hangs free by the suspending wire, so that the 
vanes ai'e horizontal, and each is in a ]>lane exactly midway 
between those of two contiguous condenser plates. A small 
thnmh-acrew is placed near the centre of the base-plate under 
the instrument, which can be screwed in so a.s to lift the weight 
of the spindle and vanes from tlie suspending wire, and cl&nip 
the disc d on the end of the spindle against the guide-plate 0. 

A light brass ring R, actuated by the elioiiite handle h, seen on 
the right-hand side of the seale-bo.^ in figs, 167 and 168. is provided, 
and serves to check the motion of the pointer. 

The damping arrangement (fig. lt>9) consists of a thin 
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hcn^ Ima the lower end of the spindle, dipping into an oil-pot, in 1 

ipiiicli it turns, thus giving the moving system a dead-beat motion. 
Asvitch is attached to the insulated terminal of the instrument, 

iy vhkh the voltmeter can be cut out of circuit when desired. 

TJie switch, after breaking circuit, puts 
tlw case and insulated cells in metallic 
connection. Fig. 169 is a general view of 
ttie voltmeter, and shows the switch on 
Ifie right-hand side of the brass case, the 
plummet- line for levelling the instru- 
%nt, and the vaue inside the oil dash- 
Jwt unUemeath the ease. When using 
tile voltmeter the preliminary operations 
•mtoHee — (1) that the clamping thumb- 
•CTew is unscrewed to allow the moving 
"ystan to awing freely; (2) that the in- 
nnmicnt is levelled so that the plummet- 
posses down centrally through the "'" — 
i.t.t»eUon of the two black a-oi«-lme. ^i~„';S-Swi« 

the Bole-plate; (3) that the pointer is 
swnnilely at zei-o on the -scale. If adjustment for this is necessary, 
Unscrew the cap on the top of the tube, remove the washer, turn 
*lip torsion head by means of the forked key until the pointer 1 

(%. 167) is exactly opposite zero on _ 

«"! scale, with the switch connecting 
^f insulated cells to the case. The 
"'a«hcr must then be i-eplaced, and 
''s cap screwed on again. 

•Wlioellulap Voltmeter Multiplier 

When it is desirable to measure 
'tth one electro-static voltmeter over 
' long range, a " multiplier" Uiay be 
Iwl. consisting of a series of non- 
tdiietive resistances, suitably ar- 
knged in a ease, with switch for 
giving several constants by which to multiply the scale reading. \ 

Such an arrangement for u.se with the horizontal laborato'fi 
iBttem is shown in tig. 170, and fits over the suspension-tulwge 

jired 
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the instrument during the carriage of it. It should be remembered 
that since the resistance of an electro-static voltmeter is " InfiiiiU:", 
the multiplying cannot be obtained by resistances in serit:s with it 
The way, however, that the 
multiplying is done is shown 
in tig. 171, which gives a 
sketch of the connections of 
fig. 170, from which it will te 
seen that the voltmeter v cau, 
by moving tlie switch lever 
L, be shuuttnl across accurate 




fractions A B, AC, AD, of a high 
resistance ae placed directly across 
the mains m, which therefore car- 
ries a constant current if the maiu 
pressure is constant. 

Hence, if A ii is J of the whole 
resistance A E, the voltmeter v, when 
L is on stud 5, will just read -^ 
the total voltage, and hence to get 
this latter the readings must be 
multiplied by 5. 

Similarly, if 1. is on stud 4, A c 
must be ^ of A E, and bo on. The 
arrangement, therefore, may be 
most useful when higher voltages 
have to be measured than the actual voltmeter is calibrated to. 

The multiplier illustrated in fig. 170 is suitable for 600-volb 
circuits. 





(Englue-K.ui 




r 



HOT-WIKE AND EUICTROHTATIC INSTBUMBKTS 



Kelvin's Multicellular Electro-Static Voltmeter 
(Vertical-Scale Engine-Room Type) 



This instrument merely Jiffers slightly in outward appearance, 
and ill one or two details, from the laboratory form just described. 
It is intended for switch-board work where a vertical scale ia 
required, and is a standard instrument constructed in precisely the 
same way as the form above-named. It consequently has a tor- 
sional control, and is dead-beat, the range of scale, however, being 
shorter, and of very nearly equal divisions throughout. Fig. 172 
shows the instrument complete, with its attachment for fixing to 
the switch- board. 

Kelvin's Multicellular Eleetro-Static Voltmeter 
tHlgh-Tension Dial Form) 
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control) on knife-edges, which connect them to the terminal on 
the case. It is intended for station use, where a short range 
id large open scale divisions at the working part are required 
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for voltages above 1500, OwiDg to the use of knife-edges, the ' 
indications are free from the frictional error attending the use 
of pivot bearings. Fig. 173 shows the general view of an instru- 
ment intended for measuring pressurea from 1800 to 2200 volts. 



Voysey & Wilson's Electpo-Static Ampere Meter 
(For Altepnating- Currents Only) 

This instrument lias Ireen made by Messrs. Kelvin & Jaim^ 
White, and was specially designed to facilitate the control or super- 
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vision of sub-station distribution. By means of it the engineer at 
the sub-station or at the central station can ascertain tlie KM.F. at 
the feeder bus bars, or the current passing. 

The instrument consists of a Kelvin electro- static multicellular 
voltmeter, fitted with three amptre scales in addition to the 
ordinary voltmeter scale, and a maximum reading - pointer, by 
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means of wbich the maximum current passing through any feeder 
t^ iiatorii atically registered. 

The current to be measured passes through the heavy wire 
nindiug of a specially -constructed transformer, the secondary of 




*^kh is divided into four sections, and connected by meaus of 
**pring switch and an ordinary wall-plug to the voltmeter. 
Tile effect of this arrangement is that the current to be mea- 
**ted can always be road at the best part of the voltmeter scale, 
^>ld the range of the instrument is practically unlimited. 

The diagrams (figs. 174 and 175) show the connections of these 
•iistruments, and indicate the means by which the pilot wires from 
Hie central to any sub stations may be used. 
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By means of this apparatus the pilot wire can be used to show 
at the central station: — 

The presav/re across the L,T, 6tw bars. 

The pressui^ at any distant point 

The current passing through tlte L,T. bus bars, or through one 
individual distribtttor. 

It can also be used for telephone putposes in the usual way. 

The indications of the multicellular voltmeter, used as an 
ampere meter, are, of course, independent of temperature errors, 
c*R losses, &C., so that pilot wires of any length may be used 
without interfering with the accuracy of the readings. 



CHAPTEK V 
ELECTRO-MAGNETIC WATTMETERS 

^Tien it ia desired to measure directly the electrical power 
iBveloped in any circuit, it is often convenient, and sometimes 
%teolutely necessary, to employ an instrument termed a vxiU- 
ineter, which, as its names implies, measures the wattfi taken up in 
a circuit to which it is connected. 

Such an instrument is not, however, of very great use in 
direct -current work, since the amperes and volts are usually 
obtained separately, and the product at once gives the power 
expended in the circuit. 

With alternating cuiTents the case is quite different, since 
the product of the square root of the mean square values of 
amperes and volts, aa i*ead off on an alternating-current ammetei" 
and voltmeter respectively, does not give the true power developed, 
but only what is termed the apparent power, when the circuit 
contains capacity or self-induction, as it usually does in practice. 
What is required here to give the true or actual power in such 
a circuit is the mean proiluct, which the wattmeter indicates, 
and not the product, of the ■mpa»(«. In fact, the instrument is 
of incalculable value in a Iteraating- current work, since, if it ia 
nearly non-indv^tive itself, it is the best-known means of measur- 
ing the tme prnmr. 

Since they possess both current and pressure coils acting on the 

t moving-coil dynamometer principle, they are affected by many of 
fche en-ors common to electro- magnetic ammeters and voltmeters. 
Thus, wattmeters are liable to those errors mentioned on p. 18, 
Hid, in addition, to errors due to change of temperature, which 
ean be minimized in the manner described on p. 14 — 
To errors due to external magnetic effects. 
^ To erroi-s due to the self-induction of the fine-wire coil or 

circuit aiUBing a lag in phase of the current passing through it 
behind tho potential difference to which it ia applied. 
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The fact that the self-indnctkn of the {iressare-coU 
to u low a vftlae as possible gives rise to the term non-induct 
wattmeter. It is attained b>' only wtttdiog a few dozen tai 
indoctively oa the coil, the remainder of the circait coin] 
the resistance of the fine-wire circait being wound nou-inductively 
on the same or a separate frame. It has also been proposed ^O 
aDDol the self- induction of the fine-wire circuit by coDnecting * 
suitable capacity in circuit with it. The correcting factor of bm^J 
wattmeter when it is appreciably inductive will be found O* 
p. 170. 

To lie the really valaable instrument that it should be, 
wattmeter must be carefully constructed so as to have as fo- 
metal parts about it as possible, and no iron. Also, any metM 
parta that cannot be avoided, as well as the copper strip, if usa 
for the current coil, should be slotted at intcr^'als so as to sti - 
farther diminish eddy currents in the instrument With sue- 
precautions as these, the wattmeter will measure direct as wel 
an uitemating power of any periodicity or " wave form " etinalli 
accurately. 

The controlling force on the movable ooil is usually that 
duced by two light hair-springs, which also serve to lead tb^ 
current into and out of the moving coil. 

In some few instances mercury cups se^^■e to do tliis. In & 
well-designed instrument the power absorbed by the wattmeter 
itaelf is small, that in the tine-n'ire circuit alone being reduced to 
a little under 2 watts in the best instruments. 

Another error which may creep in is due to the magnetic effect 
of the earth's field, corrected for in the manner described on p. 65, 

We will now consider in detail the most important of the watir 
meters met with in practice at the present time. 




Siemens' Dynamometer Wattmeter 
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In general appearance and con.'ttructioQ, the form of wattmeter 
now under discus.sion, which is made by Messrs. Siemens Bros. 
& Co. of London, is precisely similar to the Siemens electro- 
dynamometer (p. 62), except in the matter of the movable or 
swing coil. A diagrammatic view of the principle of construction 

t consetjuently not given, but is piactically that given in fig, 71, 

> which reference should be made. 
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A general view of the wattmeter is shown in fig. 176, and the 
only difference between this and the dynamometer described iu 
tig. 71 lies in the moving coil. 

This in the wattmeter, fig. 176, consiata of s large number of 
turns of fine insulatefl copper wire wound on a light rectangular 
frame of wood or ebonite or some non-metallic substance. 

Only a few of the 
turns are wound induc- 
tively, the remainder toe- 
ing doubly wound, so as 
to be non-inductive, and 
in addition to give, if pos- 
sible, a ttmaU electro-static 
capacity. 

The total resistance of 
the moving coil will, of 
course, be that due to the 
sum of all the tunis on 
it, and may anjount to 
5000 ohms or more. 

Current is led into 
and out of the fine-wire 
moving coil through 
thicker wires, soldered to 
the ends of the fine wire, 
and dipping into the two 
mercury cups. 

These cups are con- 
nected to the two small 
terminals seen in fig. 176, 
on the base of the instrument to the extreme right and left. 

The fixed thick-wire coil is connected to the two centre larger 
terminals, and carries the main current. 

Thus there is no electrical connection between the fixed thick- 
and moving thin-wire coils in the wattmeter itself. 

The plumb-line is absent here, a spirit-level only being provided 
for levelling the instrument. 

The scale at the top, which may be divided into degrees or 
other convenient equal divisions, presents one or two features 
_wbich differ from those usual in this make of instrumeut. A glass 
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mirror disc covers the scale, but has a strip of the silvemg 
removed just over the scale. This enables the latter to be seen 
■without allowing it to get dusty or dirty. Errors due to pamllu 
in reading the position of the torsion head pointer are thns 
eliminated. 

When the instiniment is connected up to a circuit, t.e. with 
its thick coil in series with one of the mains, and the fine-wire 
moving coil across the two mains, the moment of the coa|de, 
or force, causing the deflection of the moving coil « c, x <^ 
where c, = current in the moving and c^ that in the fixed 
coils respectively. 

If now the toraion head has to be turned through an angle 
D indicated by its attached pointer on the fixed scale, in order 
to bring the index to zei'o, then, as in the ca^ie of the Siemens 
dynamometer. 



but c, is a to the voltage V across the mains. 
Hence d ot v c, oe wAtta, 



where K is the constant of the instrument. 

This last relation is known aa the Law of the Siemens di 
meter-vxtUiiieter. 

The same precautions are necessary in using the wattmeter aa 
in using the dynamometer, and two additional errors may occur, 
one through the warming up of the moving coil due to the 
temperature of tlie air or effect of the current in it, and ttie 
consequent alteration of its resistance (vid^ p. 14), the other due 
to the effect of the cartli's Held (p. 65). 
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The Weston Standard Portable Non-inductive Wattmel 

The principle involved in the construction and action of thia 
instrument, supplied in this country by Messrs. Elliott Bi-oa, is 
the electro-dynamical action between a moving tine-wire coil and 
fixed thick-wire coils. 

It is e.ssentially the same as that employed in the Weston 
portable standard voltmeter for alternating and direct cun-ents, 
wliich was described in some detail on p. 80, et eeq. 
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Id the wattmeter, however, the main current passes through ] 
the stationary field coils m u (fig. 87, p. 81), which now con- \ 
sist of a few turns each of comparatively tliick copper wire or 
strip. 

The movable coil c (fig. 87, p. 81) is placed in series with a> 
suitable non-inductive re- 
sistance, and carries merely 
a voltmeter current, being 
connected directly across the 




Hence the moment ot 
the couple exerted between 
the moving and fixed coils, 
which is a measure of the 
'^'atts de%'eloped in the cir- 
cuit, causes the moving coil 
to deflect against the force 
t'f the controlling springs 
through a certain angle, the 
^tiiount of which is indi- 

'^ttil by the pointer on the scale. TIil- instrument is graduated 
''ii^tly in watta, and can be left in circuit for any length of 
^'Qie. Errors due to change of temperature are eliminated by 
'he nae of the Weston patent-alloys with negligible temperature 
^'^^fficient. Errors due to magnetic lag and self - induction in 
•^e moving coil are negligible, and the motion of this latter 
*^n be damped by the brake described on p. 82. 

Fig. 177 shows the general view of the wattmeter, having 

re main terminals at the left, the fine-wive ones on the top, 
d the brake push in front on the top. 



Kelvin Engine-Room Wattmeter 



^f^i 



This is a station type of instrnnient, intended for measuring 
'*\ti true powcT direct in watts or kilowatts, whichever unita 
-'»«; scale is gi-aduated in, and can be used in either direct or alter- 
'*Hting current circuits. It really belongs to the electro-dynamo- 
'^eter class of measuring instrument, and has a spring control. 

Fig. 178 shows the general view of the interior with cover 
himovod. 
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It consists of a main coil of copper rod bent into ihe fonn 
of the figure S, and mounted on a slate back of Iiigh insulatioo, 
80 that the magnetic axes of the two loopa thus formed are 
vertical. 

The ends of this thick circuit are joined to massive t«nniiuk 
which are connected in series with one of the mains. 
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rTlie two shunt coils, wound with fine insulated wire, are 
aiTanged astatically on a light but strong aluminium frame, m 
shown in fig. 179, which depicts thu fine-wire moving shunt coils, 
method of suspenuion, and control detached separately from the 
instrument. 
One end of tliis frame has a circular knife-edged hole fiied 
to it, and the other end has a straight knife-edge. These two 
knife - edges rest on two phosphor - bronze hooks attached by 
insulating supports to the outside ends of the double rectangla 

I By this method of suspensiou complete freedom from friction b 
obtained, while the movable system ia kept in a definite position 
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Each fine-wire coil has about 1000 turns of insulated wire, 
and its resistance is about 100 ohms. The current is conducted j 
in and out fi-om the mov- 
able system by two flat 
palladium spiml springs 
wliich also supply the re- 
storing foi-ce for govei-n- 
ing the sensibility of the 
insti'ument. Not more 
than ^ ampere is re- 
quired through the fine- 
wire circuit; and, in order 
to obtain this, a large 
non-inductive resistance 
is rolled on the case of 
the instrument, which 
offers B, large cooling sur- 
face, and is placed in series with the moving coils, the combination 
being connected directly across the mains. The scale has nearly 




luvlng lyitera) 




liform divisions, and is graduated to read directly in watts or 
dlowatts as re<]uired. 

Fig. 180 shows the general appearance of the finished iustru- 
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Kelvin Three-Phase Wattmeter 

This instrument is merely a slight moclificatiou of the 
ceding one. aud reads direct in watts or kilowatts, giving ttie 
total power aupplied to the system, whether the circuits are 
balancefl or otherwise. U 
has two sepai-ate main coils 
forming the two loo{» of the 
onlinary wattmeter above 
described, insulated fnm 
each other, and connected 
each to its own pair irf 
terminals. 

These act on the ideft- 
tical shunt-coil syatcui shown 
ill fig 179. to which tbc 
pointer is attached, and for 
pressures up to 250 volts 
the two non-inductivo resistances in series with eaeli fine-wire coil 
are inside the instrument. Fig. 181 shows tiie arrangemen t itf 
coniiectiouH for this three-phase wattmeter. 




Everett, Edgcumbe, & Co.'s Wattmeters 
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These instruments take three different forms, according 
whether they ai'e intended for laboratory, portable, or aivitch- 
board work. 

They are modifications of the Swinburne type of nou-indactive 
wattmeter {vide p. 323), and are all based upon the dynamometer 
principle. 

In each there is a fixed coil, wound with thick wii-e or copper 
strip, which carries the main current, and this acts electro- 
dynamically on a movable coil wound with fine insulated wire and 
having a torsional control. The arrangement of coils is somewhat 
similar to that in the Siemens* dynamometer- wattmeter (p. 155). 

In the laboratory type the moving coil is suspended by two fine 
phosphor-branze wii-es, one above and one below. The upper sus- 
pension is attached at the top to a milled head carrying a poiDter, 
which moves over a graduated dial. 

In series with the moving coil is a high non-inductive resii 
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whole combination being connecteil a€i'o«.s the mains and forming 
ihe voltnietei' of the arrangement. 

The currents through the tixed and moving coils cause the latter 
[ deflect; and the angle turned through by the milled head in 
ringing the moving coil back to its zero position is directly pro- 
fftional to the watts. 

The resistance in series with the moving coil is not only wound 
»-inductively, but also in sections, in order to avoid capacity, 
which is quite as prejudicial as self-induction to the accuracy of 
the wattmeter readings. This method of winding has the further 
advantage of increasing the insulation by reducing the voltage 
between neighbouring wives. 

Every care ia taken to dispense with all metal parts or fittings 
in these instruments, except what are absolutely necessary, and 
these are then made of the high -resistance alloy German silver. 
By this means the disturbing effect of eddy currents is minimized, 

Tlie current taken by the moving coil varies in different instru- 
ments from Tfa to yj^ ampere, and is led into and out of the coil 
by means of the phosphor-bronze suspensions above-mentioned. 

The portable type of wattmeter of this make is similar in 
general construction to the above, except that the moving coil ia 
pivoted and carries a pointer which moves over a direct-reading 
scale. 

The control in this type is effected by two hair-springs, which 
also lead the current into and out of the moving coil. 

The current taken by the moving coil varies from ^V to ^tj- 
ampere, and the same care is taken with the construction as in the 
preceding type. 

The switch-board type is similar to the portable form, but ia of 
course contained in a circular case. 
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Siemens' "Precision" Wattmeter 



Tins instrument, made by Messrs. Siemena Bros. & Co., of 
London, ia a dif¥c(- reading moving-coil wattmeter, as distinguished 
from the now universally-known dynamo meter- wattmeter (p. 155), 
which ia a zero instrument and not direct- reading. 

The construction of the " Precision " is simple, and the instru- 
ment is well-designed, aa will be understood from a reference to 
figB. 182 to 185. 



162 



ELECTRICAL MEASURING INSTRUMENTS 



It consists, as seen, of a moving volt coil c wound witli fins 
insulated wire on a rectangular foiiuer. which is finally removed, 
so that it is composed only of wire and insulating material without 
metallic or other Bhuttle. It consists of 400 turns of 01 miUinietre 
wire in eight layers, and has a resistance of 100 ohms with a self- 
induction of 0*0088 henry. A non-inductive resistance in eeries 
with this brings the total resistance of the volt coil circuit within 
the instrument to 1000 
ohms. 

The moving coil is 
controlled by two flat 
spiral hair-springs (not 
shown), both at the tap 
end of the tine at«el 
spindle us that carries 
the moving coil c, and 
ruas in jewelled centres 
(not shown). The light- 
pointed p, fig. 183, is 
attached to the spindle 
or coil, and also a light 
rod r curved into the are 
of a circle and carrying 
a thin light pi.ston disc 
B at its end. 

This disc works in 
and out of the curved 
ebonite tube T, one eml 
of which is sealed and 
the other open. 
This an-angement constitutes the air damper for giving a dead- 
beat motion to the moving system, which is very light throughout 
though sufficiently strong. 

The moving coil with its attachments is deflected by the mag- 
netic field produced by a fixed copper coil m, which carries the main 
cun-ent. 

Tlie planes of tlie two coils make a small angle when the moving 
coil is at zero. 

The fixed coil is built up of 64 strips of sheet copper 03 mm. 
thick and 14 mm. wide. In the smallest size of this type of watt- 
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meter, made for currents up to 12'5 amperes, the above strips are 

&11 connected in series forioing a coil of 32 turns, and are insulated 

f»»ra each other by varnished 

paper. 

In the instruments for 25 

amperes as a maximum, the above 

amnber of turns are connected to 

form 2 coils of 16 turns each, in 

parallel; for 50 amperes, 4 coils 

of 8 turns; and for 100 amperes, 

3 coits of 4 turns are formed; 

*i>d so on. The resistance of 

^•^e fixed coils for 12-5 amperes 

'rt 17^ C. = 0-0374 ohm, and the 

fall of potential down them at '^%Lt™-''"i^"to'^wJtto^l^r''°' 

full-load cuiTent = 0467 volt, the 

^att« used up in this fixed coil being consequently 5*34. 

The seff-induction of the fixed coil = 0000056 henry, and the 

'^intual induction between the fixed and movable coils when the 

pointer is at zero=about Ofl0016 henry, and is less, of course, at 

***-her positions of deflec- 
tion. 

Referring to figs. 182 

«od 183. it will be noticed 

*-'»at the thick coil ia en- 
''^•^Ked at the top and bot- 
*^*o, a."* shown at K K, to 
**■' low for the holes through 
^'■lich the spindles of the 
J 'loving coil protrude. 
f*<i8e portions are also 
^ '^tted in the direction of 

^^'oir length, as at A, fig. 
"2, to diminish eddy enr- 
^'-"its when alternating currents are used. The turns are bound 
'^^iirely together by tape (, as shown, but the ends are not shown 

Iwiat foi-ni the terminals of this main-current coil. 
The force acting on the moving coil varies as the product of the 
wnrents in the two coils, i.e. as the watts, so that the deflection 
i « to the wattfi absorbed in the circuit tested. 
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Fig. las.— Kxtrm SoKa Rv- 
■UUnce [or tba Movtne-Ccdl 
L'lrcnit ot Waltmiilsr 
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Owing to considerable care beiug taken in the construction, 
en'ors due to temperature variation, periodicity and wave form, snd 
jilmhu displacement caused by eddy currents in the instrument are 
practically eliminated. 

The ca.'ie and all possible parts are mode 
of non-conducting material, to prevent induced 
currents in them. For voltages above 39 
volts a separate additional series non-induc- 
tive resistance is used for the volt circuit. 
and IB constructed of nianganin wire with h 
negligible temperature coefficient. It is wound 
non- indue lively in several sections upon bob- 
bins allowing a free circulation of air. 

Fig. 185 shows one of these series resis- 
tances in a perforated containing-case. llie 
value of the resistance is so chosen that the cuiTent in the volt 
circuit does not exceed 003 ampere with the highest voltage for 
which it is intended. For voltages under 30 the wattmeter cau 
be used alone without extra series 
resistance, but for reasons given 
on p. 170 it is advisable to have 
non-inductive resistance in seriw 
when employing alternating cnt- 
rcntiS in order to reduce the self' 
induction of the tine-wire cmI- 

Fig. 184 shows the genert^ 
^new .of the interior of a wa**' 
meter, comprising the tixed c*"' 
pointer, supports for moving <sxi"- 
and air-tube damper. 

In the ease of the wattm.^*^ 
for two ranges, tbe Used coiJ " 
constructed in two sections, wl*<^' 
can be connected either in se*""'* 
or parallel. The alteration "' 
connections is made by means 01 
plugs in the following manner: — To connect the coils in parallel for 
the higher range, the two plugs 1 and 3 (see fig. 186) are inserteJ 
and the plug 2 removed, and to connect the coils in series the plug 
2 is inserted and the plugs 1 and 3 withdrawn, The plugs most 
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never be used to make and break the current, but care should be 
taken to insert the right plugs before switching on the current, and 
Jiboiild it be desired to change the position of the plugs, the current 
must fli-st be switched off, or else the terminals short-circuited. 
If this is neglected the full voltage may be present between the 
sections, and in case of high pressui-es damage may result. 

The wattmeter may be placed on any table, and does not require 
levelling up. In making the current connection it is advisable to 
keep the two leads close to one another, or, better, to twist them 
together, also the instrument should not be used close to leads 
carrying heavy currents or other apparatus producing strong 
magnetic fields. 

When measurements are being made with direct currents, the 
effect of the horizontal component of the earth's magnetic field 
must be taken into account. Reversing switahes should therefore 
be included in both the current and volt circuits, and the mean of 
the readings taken with the directions of both currents changed. 



The Electrical Co.'s Induction Wattmeter 

These inetrumenta are only applicable to the measurement of 
alternating currents, and will not work with direct currents. Their 
action depends on the electro- 
magnetic screening effect of in- 
iluced or eddy currents, and in 
construction they resemble some- 
what the phase metor described 
on p. 194. 

Fig. 187 shows the general 
appearance of an induction watt^ 
meter without case or scale. It 
consists of three well -laminated 
alternating- current electro -mag- 
nets; the pole-pieces of eaeh em- 
brace a light metallic disc, pivoted 
on a horizontal spindle in jewelled 
centi-es. The pointer and its 
balance-weight are also rigidly 

Allaclied to this spindle. The central magnet is wound with thick 
ntre, and ia in series with the niain-cuiTent circuit, the two outer 




Fig. 1B7. 
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ones being wound with fine insulated wire, and connected in seriea 
with a choking coil as a shunt, i.e. across the mains. 

The pulf ffices of the two outer electro-magnets are fitted with 
Dietal ncreena, in the manner set 
forth on p. 113. and represented 
in fig. 187. 

The pivoted disc moves between 
the poles of a powerful permanent 
n!rtgnet seen at the top of fig. 187, 
wliich renders its tnotion dead- 
bwit. 

With the wattmeters of this 
class, current transformers can 
also be used, as well as with the 
ammeters; but, in oixler to obtain 
instruments for hlgh-teusiou work, 
which will not have any high- 
tension curi'ents going to or from them, it is, of com-se, necessary 
for the shunt current to be transformed down to the lower voltage. 
This iH obtained by means of a pressure transformer, which only 
differs from the trans form el's in ordinary use by a slight modifi- 
cation (see fig. 138). Every watt- 
meter then has its special current 
and pressure transformer, in the 
same way as an ordinary watt- 
meter built on the dynamometer 
principle has its own resistAOCe. 
The current transformer is made in 
the same way as for the ammet«rs, 
so that for very heavy currents a 
transformer can be used in order 
to reduce the section of copper in 
the instrument itself, 
ng. m-choiLing-rofi Re.i.uoQeQont.ia- Fig. 188 shows the general 

IpgArtlllclsl Neutral Point pi 

appearance of the wattmeter. 
The consti-nction of high-tension wattmeters without the high- 
tension current flowing through the instrument itself is only 
possible with these induction instruments. With the ordinary 
dynamometer wattmeters, current and pressure transformers cannot 
be used on account of the lag in phase produced, which i 
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^^^tjally from the lag in phase ot the current to be measured, 
ttb these induction wattmeters, however, it ia possible to com- 
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lenaate for the lag in phase produced by the current and pressure 
r&nsfonners. so that the read- 
of the instrument are in- 
ipcndent of cos tp, where ij> is 
le angle of lag between cur- 
nt and pressure; and this 
■operty is possessed by this 
of instrument only. If 
instrument is to be used 
three-phase currents, it is 
Ty either to have a 
mtral point for connreting 
le pressure coiis to, or to use 
special choking coil. 
Fig. 190 shows the con- 
nections to a three - phase 
circuit with a star grouping, 
in which it will be seen that 
the thick coil F ia in one of 
the thi-ee mains, and the thin 
coil M in series with the chok- 

ing-coii resistance B, across this main and the neutral point o. 
Fig. 191 shows the connection for the mesh or triangular j 
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gmafKog. the preaaore ooils of the i 

nected to an artificial neutral point in the special diokmg-eo*^ 

mtatance, Sg. 189, shown sfmbolicallj in fig. 191 oa the rig^t. 

For preflmres over 550 vtita and currents over 1000 ampere^*-* 
the wattmeter is oaed with both pccaenre and camait tnnsformer^^ 
in the naoner indicated bj the di^;tam of eonnectiona shown 11:=^ 
Bf^ 192, &ofa which it will be ?een that the instmme-iit carrie^^ 
DO higfa-tennon prcseore carrent, and only a small fraction of t 
main carrent 



Parr's Direct-reading Dynamometer Wattmeter 
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ThU inintrumeiit is constructf-J uii precis^-h- similar lines to that 
illaitrst^vl and described on j: 72. the only difference between 
them Jteing that in the case of the wattmeter, the moving coils are 
woond with a few turns of tide wire, and are connected to a 
aejiarate pair of small termtnak. 

The fixed thick-wire coils are connected to a pair of larger 
terminals and carry the main current, while the fine-wire coil is 
connected in ncries with a high resistance, non-ind actively wound, 
acrom the mains. 

Tlie moment of the couple causing a deflection is therefore 
proportional to the products of the currents in the fixed thick- and 
in the moving fipe-wire coils. 

But the current in the latter is directly proportional to the 
potential difference v at its terminals. Hence the defiection is a 
to the pnxluct of main cuireut and pressure, i.e. to the watts 
absorbed in the circuit. The instrument is therefore direct-reading 
in watts or kilowatts, and as the fine-wire coils contain only a few 
turns wound inductively, the instrument is practically non-inductive 
and consequently measures the ti-ue power in an alternating-current 
circuit. All metal fittings are avoided as much possible, and no 
iron is employed in the construction. The iusti'ument has a wide 
open scale extending about nine-tenths of the circular dial, and is 
of the switch-board type. Its rea<ling8 are independent of the 
frequency and " wave form " of the alternating current, and it of 
course reads equally accurately with direct currents. 
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Moving-Coil Alternatingr-Curpent Wattmeter 

This instrument is almost precisely similar iu principle and 
eonstraction to the moving-coil voltmeter illustrated and described 
on p. 76. The same remarks apply to the instrument now under 
consideration, which is made by the Electrical Co. of London, as 
Ui the above-cited voltmeter, but in a more marked degree, as a 
wattmeter is an all-important instrument for nieji.suring the true 
power absorbed in an alternating- current circuit. 

The wattmeter 

conrai, of the I r-vmimr- 

ordinary stationary 
main - current coil 
and the movable- 
Bhunt coil, the sta- 
tionary coil being 
made in two wind- 
ings. The four ends 
of the windings are 
brought to a small 
t«rminal board at- 
tnclied to the in- 
stiTjment, so that 
the windings can 
be placed in series 
or parallel, giving 
in this way 
rangt!S of curient. 

This is carrieil out by means of two plugs shown in lig. 194, which 
ijH a general view of the instrument. Fig. 193 shows diagram- 
matically the connections, H denoting the main tenninals, and 
12 3 4 being the plug-holes. With a plug in No. 3 and the 
remainder unplugged, the two coils are in series. With the plugs 
in 2 and 4 and the other Iioles open, the two coils are in parallel, 
and the range of current doubled, 

With the plug ui 1, the instrument is cut out of drcuit. This 
latter is of importance when the wattmeter is in cii-cnit with 
induction motors, the starting current of which may be three or 
four times the normal working cunent, as this would otherwise 
! the wattmeter. The shunt terminals are numbered as in 
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readings of «oy nttmeter should be indepeDdent of any lag 
phase of the cntrent behind the potential di^icnce. 

If c-tbe«»ttnie(tfn«i£MK 
^ = tbe kogle << tag u 

if = tbe angle of lag ii 
\=U>etrac watta; 

Then tlie true watta X = c ' "^ **" ^ 

I -i-taii^taii^ 

The wattmeter, we therefore see, will read correctly if i 
confuting factor 



a the abimt oRuit, 



which ia the case when tan i/r = 0, or when ^ = '>^. 

Now tan yfr gives the ratio of the reactance to the ohmic resi^ 
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tance in the shunt 
circuit of the watt- 
meter, and is zero 
if tiie reactance is 
negligibly small 
compared with the 
ohmic resistancu, 
This can only 
obtained approxi- 
mately, and it is 
clear that the cor- 
recting factor in- 
oreafies as tan ^ 
increases, i.e. with 
the increase in 
phase difference 
between the cur- 
rents and voltage 
in the main circuit. 
rWith these watt- 

Steters the reactance is so small compared with 

Jice that the cori'ecting factor is negligible even 

■ansforraerfi on open 

iKuit, The differ- 
for direct and 
alternating currents 
with the wattmeter 
are slightly more 
marked than in the 
case of the voltmeter 
(p. 76). Figs. 195 

id 196 give an ex- 
lal and internal 
viitw of a wattmeter 
designed in this way 
[or switch - board 
purposes, the cali- 
bration referring to 
t-ests with altemat- 
iDg currents. 



the ohmic resis- 
with motora and 
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CHAPTER VI ^H 

RECORDING AMMETERS, VOLTMETERS, AND ^H 
WATTMETERS ^Hj 

In tlie commercial supply of electrical energy from central - 
stations to the public, Board of Trade ivgulations necessitate main- 
taining the pressure within prescrilied limits, The ordinary switch- 
board measuring instruments — viz. the ammeter, voltmeter, and 
electricity meter— give vo record as to what the pressure or current 
was at any time during the preceding twenty-four hours, but only 
what was passing at a particular instant, while in the electricity 
meter the total quantity or energy consumed in so many hours 
is recorded. 

A rough record may be kept by noting down the readings of 
every instrument once every ten minutes, say; but such a tabulation 
tells the engineer very little, since manifestly both pressure and 
current might have fluctuated enormously between the times of 
observation, and such fluctuations would not liave been recorded. 
Thus it will be seen that an instrument which will itself give 
a record of the value of the current, pre.ssui-e, or power during 
every instant throughout the day is a most useful adjunct to 
a supply system. By the use of such an instrument a permanent 
record day after day can be kept of any fluctuation, with the 
exact time at which it occurred. 

Instruments for effecting this end are called recording avime- 
tera, voltmeters, and ivaltmeters, or often briefly recorders. 

These are practically the ordinary instruments already described, 
combined with a drum i-otnted by clock-work, which liolds the 
scale or chart marked by the pen-tipped pointer of the electrical 
part of the instniment. 

They are liable, of course, to the same errors as the ordinary 
instruments already desci-ibed which belong to the same clasa It 
is therefore unnecessary to dilate further on such en-oi-s. In 
recoiders, in addition to the usual errors, the friction of the 
moving parts being increa.4ed by the addition of the pen rubbing 
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oil the chart, the greatest possible deflection moment or torque 
should be obtained so aa to minimize such errors. We will now 
consider a few well-known foniia of recording instniinenta of | 
all 



Holden Recording Ammeters and Voltmeters 

These well-known recording instruments, devised by Major 

Holden, R.A., and miide by Messrs. Everahed & Vignolea, and by 

Mr. James Pitkin, Loudon, work on the hot-wire principle, and 

**^ therefore applicable 

for use indiscriminately 

for either direct or alter- 

•^^tiiig currents, lieing en- 

"*^ly independent of the 

P^»iodicity of the supply. 
The principle involved, 
^*'"Jiieh is siuiilar to that 
^triployed in the Hart- 
■*»nim & Braun hot-wire 
"•inmeters and voltmeters 
't*- 135), is the indication 
•^f the expansion of a wire 
''Uc to the heat gener- 
''■t-ed in it by the paasitge 
**f a cun-ent through the 
^^irc. The construction 
^ud action will be under- 
''tood by a reference to 
"^- 197. which represents 
* Holden hot-wire record- 

i*^ voltmeter. In this, 

"^id in tlie ammeter of the 

9*Uie make, the expau- 

»***>n. instead of being measured directly on a long length as in 
■■file ordinary Cardew voltmeter (p. 126), is measured by the /taff of 
■ • comparatively short portion of the platinum -silver wire pp (as 
in the Hartmann & Eraun voltmeter), which is wound continuously 
in a flcries of ten turns over grooved slate cylinders pp, mounted 
oa spindles which run in jewelled frictiouless bearings. The ends 
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of this platiniiin -silver working wire, which is 00015 inch diameter, 
are clamped uoJer and terminate at the tenuinal clumping screws 
ss. which are insulated. 

The sag of the working wire is taken up by a third grooved 
roller p, which is pressed against the lower plies of the working 
wire by the force with which the pointer e and its weight attached 
tries to turn round on the spindle carrying it. The construction is 
such that the leverage at which this force acts increases as the 
angle of motion of the pointer increases, thereby producing an evu 
scale of equal divisions. 

The pointer E moves in front of B fixed rail c having a pin at 
the left-hand end, which limits its play to the left, and is bent into 
a U shape at the right-hand end, which not only acts as a stop 
this side but also prevents the pointer which carries the pencil or 
pen at its extremity from swinging about when it is at zero and 
the instrument is being moved about. 

The scale is about 3 inches long in these instniments, rending 
usually in single volts from 80-120 volts or a multiple of these 
numbers. This is wrapped round a drum o, wliieh is caused to 
rotate once every twenty-four hours or seven days by clock-work 
inside, and against wliich presses, very lightly, the pencil of the 
index pointer E. 

To place a scale or chart in position on the drum, loosen the 
aci-ew B which clamps the drum axle, and turn the drum until the 
chart clip (not seen in tigs. 197 and 198) is in front. Remove the 
clip and replace the chart, adjusting it relatively to the clip so that 
there are twenty-four hours clear on the drum. The drum is then 
adjusted so that the pencil index reads at the right point on Uie 
time-line, and its axle is then reclamped. 

The pen should be refilled and the clock wound up each day 
when replacing the chart, though the clock will usually I'Un for 
seven days, if necessary, without rewinding. Further, itisnecessaiy 
that these instruments should be liung vertically to ensure that the 
pen presses properly on the chart, while the upper edge of the 
ease must be set horizontal to ensure correctness of reading. 

When the working wire gets damaged or breaks, the restringing 
of a wire is effected as follows: — The case is first removed by taking 
out the hinge pins and the screws in the hinged stay on the right- 
hand side, and every bit of the old wire is removed, particularly 
that under the terminal clamping screws ss. Next unscrew J)^ 
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working the pen index is proportional to the number of turoH *^' 

wire, the force used can be veiy large. 

The instrument \s dead-beat in ita action, and up to 300 vol*^^ 

the whole of the wire is utilized, there being no idle extra reais^^ST" 
tance as in many other ii^ei 
struments. 

Fig. 198 shows the genei 
external view of a Holdei 
I'ccording voltmeter. 

In the case of the reeor 
iug ammeter, a general 
■ if which is shown in fig, 19£ — -^ 
the working wire is woum 
somewhat differently. As soei 
ill the figure, it terminates a — 'i 
two fixed grooved tennina^ J 
.■-tuds in the slate back, bu ^ 
|(iisspa round the grooveci3 
rullei-a at the aides, consfe — 
.[iiently the sag of the tof^ 
si-t of pai'ftllel plies now i ^ 
iMiployed for indicating, anA:3 
tJK; cun-ent passe-s throug^fci 
all these wires in pantile ~~^, 
giving a fall of potentii^^l 
between the terminals ^^»t 
maximum reading of &bot=it. 

03 volt. The sag is taken up by the pointer and its attacbe:=d 

weight in the same way as before, and the pencil index descril 

a continuous line on the chart, which is divided by vertical 

horizontal lines into time and volts (or amperes). 




Kelvin's Recording' Ammeters and Voltmeters ^M 

These instruments are similar in construction to the ordinar^5 
permanent -magnet moving-coil instruuienta, and are intend(^</ 
for direct currents only. The construction of the instrumei** 
is very simple, and will be understood from a reference to figs 
200 and 201, which represent a recording voltmeter of tliis 
type. 
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The moving coil, suitably wound, is pivoted between the polea 
of the cii-cuiar-rinp permanent magnets seen in fig. 201. 

Tliese are cai'efuUy "' aged " and magnetized so as to bo strong 
and permanent. 

Tlie pen, or inker, attached 
to the spindle and coil, rests 
aguiust the paper with a small 
component of its own weight, 
sufficient to give a clear mark- 
ing without inti-oducing a fric- 
tional error. 

The clock - work, which 
drives the drum once round 
either every twelve or twenty- 
four hours, has a non-nitig- 
netic lever movement, and is 
free from back -lash — a com- 
mon fault with clocks of this 
nature. It is attached to tho 
base of the instrument by a 
hinge, enabling it to be drawn 
outside the caBO when chang- 
ing the chart on itn sm-face. 
When pushed back against a 
stop it is iu its working posi- 
tion. The scale is an extremely 
open one at the working part, 
and is marked in one-volt 
divisions. 

Recording Ammeters and 
Voltmeters 

The instrument's of this m-'^-n-i-^-' ■ -■■■^^ ■■-■^ •■^■■'^i^g-'Mi 
class, made hy Messrs. Everett, 

Edgcumbe, & Co., of London, for use with direct currents, are 
constructed on the well-known moving-coil D'Arsonval principle, 
.which it is unnecessary to explain. 

Tlie marked distinction between this and other sinuiar re- 
mgtrum^tfl lies in the form of pen used, which consists 
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of a suiiiU vessfl, lai'ge euough to contain ink suflScient for 
WL'uk's run. 

The ink is drawn Dp 
and fed on to the paper by 
means o£ a small strip nm- 
ning down to the bottont oi 
the vessel 

The advantage of this »i- 
Mingiiment is tliat the pen 
dues not become clogged when 
ill actual use, and that it can 
readily be cleaned should the 
ink dry up through long di»- 

Further, the ink has do 
tendency to spill, and a tluD 
even line is ti'aced wliethe 
the pen is full or nearly 
viupty. 

Tlie pen is attached to a 
light alumiuiuui arm, hinged 
at its upper end, so that the 
pressure of the pen oq the 
paper can be regulated to a 
nicety. 

Both recording ammeters 
and voltmeters are provided 
with a special dash-pot to 
make them dead-beat, which 
ia absolutely e-ssential for 
some purposes — as, for in- 
stance, traction circuits. 

The paper charts are i 
inches wide, which results 
in a veiy open scale being 
obtained, and they can be 
a'ted in continuous rolls 
lasting seven days or for 
twenty-four hours only. 
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Harrison's Recording: Voltmeter 

This instrument is iutended for use on direct- current circuits, 
bd is shown in tig. 202. 

It consists of a soft-iron frareie of siniiU dimensions, and 
laped similarly to the field-magneta of a single magnetic-circuit 

The limbs are wound with two coils of tine insulated wire 
connected to the two small terminals 
si-en at the top. Between the curved 
pole-pieces is pivoted a soft -iron 
armature, to which is attached the 
pen pointer. The controlling force is 
gravity, and it is therefore always 
constant. 

It will be observed that th<' 
design of the instrument is such, 
tliat a large force is obtained for 
i»ctuating the inking pen-pointtr 
without much energy being ab.sorbi-d, 
whereby the common fault in ro- 
(.■oi-diug instruments, namelj', thi^ 
Leiidency to stick on account of the 
pressure of the pen on the paper, 
" I practically entirely eliminated. 

The pressure of the pen is ad- 
by moving the drum hold- 

; the chart, and this gives a very 

client adjustment. (tme ,it) 

The amount of iron in the mov- 

I parts is extremely small, thus reducing hysteresis to a mini- 
Further, these instruinents are sensitive enough to record 
I variation of 03 per cent, owing to the somewhat large amount 

jwwer actuating the pen relatively to the small amount of 
ictrical energy consumed. 
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This inatrument is of the electro-magnetic uio\iDg iron needle 
class, having a gravity control. 

Fig, 203 shows the construction, which is very simple, and is sa 
follows: — 

The working solenoid, or actuating coil, wound witli tliick wire, 
has a hollow rectangular interior, of which the longest dimeusiati 
is horizontal, as seen in the 
illustration. A thin triangulM- 
shupcd piece of soft sheet-iron 
is bent at right angles, and 
inserted in the hollow of the 
coil BO that the base or wide 
part is close to the left-hand 
short vertical side of the hollow, 
and the upex or point of this 
triangular piece extends along 
one of the long sides of the 
interior. The moving system 
consists of a horizontal spindle 
pivoted just above the coil, in 
Ji-welled centres, and carrying 
the inker pointer. 

To this pointer is attached, 
a little below the spindle centre, 
ii bumll soft-iron rod capable 
of moving on the pointer from 
one end of the slot to the 
other. In the zero position of 
tlie pointer, for no cun-ent, the moving rod and fixed base of 
triangular plate are parallel and close together, and extend the 
width of the solenoid. When a cunent flows, both these develop 
similar polarity at the same end, and repulsion ensues to an 
extent depending on the current strength. 

The tapered tised plate causes the pointer to move equal 
distances approximately for equal valuations of current, as its 
effect on the moving iion diminishes as the latter approaches the 
apex. 
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The Electrical Co."s Recording- Induction Wattmeter 

This instrument is almost precisely similar to the induction 
>rattmetcr described on p. 165. 

The only difference being in the addition of two drums, a and E, 




*g. 20-t, of which E is driven once round by clock-work in twenty- 
Jour hours. 

The pointer R of the wattmeter terminates in a pen which 
»rdfl a continuous line on a chart or strip of divided paper about 
u7'5 inches long, with its ends gummed together, and passing over 
be two druhjs A and E. 

The actuating portion of the instrument otherwise is similar to 
9ie wattmeter. A metallic disc D is carried on a horizontal spindle 
r running in jewelled centres. 

To F is attached the pointer B, balance -weights B, and con- 
IroIIing springs s. 

The pivoted disc moves in the narrow gaps beween the poles P 
of three laminated electro-magnets c. The centre coil ia wound 
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with thick wire and constitutes the current coil, while the aide 
coils are wound n'ith fine wire and iu*e connected across Hie mains. 




The poles are fitted with the metal sci-eena described on p. 113. 

Fig. 205 shows an internal view of a recording induction watt- 
metei- of this make with cover removed, from which the con- 
struction will be clearly seen. 




CHAPTER VII 

MISCELLANEOUS STANDARD AND OTHER 
INSTRUMENTS 

The yjivsent chapter will be devoted to the description of a few 
of tlie pi-incipal types of standard measuring iiiatrunients suitable 
for calibrating the ordinary forms ali-oady consitlei-ed. The question 
of obtaining accurate and reliable standards by which to check 
other instrumeutfi is one of great importance, since not only does 
it secure uniformity amongst these instruments, each being able 
to reproduce the readings of any other, hut it also secures con- 
stancy, the readings of any standani remaining invariable with 
time. Constancy is far easier to get than uniformity, which 
cannot yet be said to have been obtained. 

Zero inatrumenta are much to be preferred to those in which 
deflections have to be read, and in all cases standards working 
on electro-magnetic principles should be permanently fixed in 
positions whei-e the pei-meability of the suiTounding media is 
likely to renjain quite constant. This will be one step towards , 
the maintenance of constancy. 

Lord Kelvin's Standard Electric Balances 

I[ These instnimenta, niade by Messi-s. Kelvin and Jamea White of 
IIsj^w, are intended as standards for the acciu'ate measui'ement 
f both direct and alternating currents of electricity, and are at 
once delicate and ingenious in construction. 

There are some ten different types of these instruments, alike in 
P'^ocipIe, but differing slightly from one another in fonn, depend- 
'"g on what the instrument has to measure. Some of the types 
**e intended to measui'e pressures in volts, euiTent in amperes, and 
L watts, while others are suitable for either one or two 
r these purposes. 
The principle on which they work is the electro -dynamical 
Aion of fixed and movable cuila, which ai-e canning the same or 
; currents on one anotht-r. 
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Id each of the b&Iaace instrtnnents, except the kiJo-unpere 
balance, there aiv two flat movable circular coils or rings. E one) F 
(ti^. 206). eadi actoated hy two fixed cmis, Ac aod bd respectively, 
all with their {danee approximately bonzootaL 

The two DiovatJe cchIs are attached, one at each end of a hori- 
zontal balance arm G H, which is supported by two tmnnions, each 
hong by an elastic ligament, l, and i~, of line wirv, throogh which 
the current passes into and oat of the hne-wire coils E and F, 

The relative, hat not necessarily the actual, polarity of the coils 
ia shown in fig. 206. and hence in any case the right-hand end of 
the balance arm moves up and the left-hand end down. Farther, 
it will be observed that there is repulsion between a and e, and 
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also between F and D, owing to adjacent faces being of like polarity, 
while there is attraction between E and c. and between B and F, 
owing to the opposing faces of the coils haWng unlike polarity. 

Hence the motion of c and F b due to the sum of all these 
effects, which are produced by suitably connectiog all the boHb 
in series with one another. 

The current flows in opposite directions through the two 
movable coib, so as to practically annul disturbance due to hori- 
zontal components of terrestrial or local magnetic forces. The mid- 
range position of each movable ring, when between two fixed ones, 
ia in the horizontal plane nearly midway between these latter, and 
is a position of minimum force. The "sighted position", for the 
sake of stability, is above it at one end of the beam and below it at 
the other, in each case being nearer to the repelling than to the 
attracting ring by such an amount as to give about one-fifth pw 
cent more than the minimum force. 

The no-calU'd " sighted position ", above mentioned, ia really the 

zero position of the balance arm with its moving coils when 

^ggted, and for no current passing. 
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The balancing, or bringing back of the ino\'ing beam to the 
inilex zero when a current causes a deflection, is perfoi'med by 
Tneanij of a weight which slides on an approsiraateiy horizontal 
graduated arm attached to the balance, and seen in fig. 207. 

The slipping of the weight and carriage into its proper position 
on the scale to give exact balance, i.e. to bring the index pointer 1 
<tig. 206) to the zero of the index scale z, in performed by means ! 
of a self-releasing pendant. This is provided with a vertical arm 
intended to pass up through the rectangular recess in the front 
of the weight and carriage, and hangs from a hook carried by a 
sUder, which slides on a rail fixed to the sole-plate of the instru- < 
tuent. The slider is pulled in either direction by two silk eoi-ds, | 
as seen in fig. 207, pa^eing through holes iu the glass coutaiuiug- 
case. 

A trough will be observed fixed to the right-hand end of the | 
moving coils, into which a proper counterpoise weight, with a pin 
through it, is placetl. This is for the purpose of balancing the 
carriage and its contained weight when at zero on the horizontal 
movable scale. ] 

For the fine adjustments of the index zero a small metal flag is | 

J provided, as in an ordinary chemical balance, and it is actuated by | 
m fork, having a handle below the case outside, as seen in fig. 207. 
1 In addition to the finely-divided moving aluminium scale 
nttnched to the arm H (fig. 206), there is a fixed inspectional scale 
just beliind, visible aliove the former scale, and which shows 
iipproxiinately enough for most purposes the eun-ent strength. 

■ The notches on the top of the moving scale sliow the exact 
■boeitioQ of the weight corresponding to each of the numbered 
H^viaions on the fixed one, which practically annuls errors of 
HpBrallax due to the position of the eye, 

H^ The position of the pointer of the carriage, when between two 
^Mlvisiona on the fixed scale, can be estimated accurately enough for . 
^bU practical purposes. 

H When, however, the greatest accuracy is desired the reading on I 
Httie moving scale is taken, and the doubled square root of this will i 
^He the exact i-eading on the fixed scale. ' 

^K Four pairs of weights (sliding and counterpoise), of which the 
^^^rriage and its counterpoise constitute the first pair, are provided 
^Hith the instrument, the carriage always remaining on the rail 
^Bliese weights are adjusted in the ratios of 1 : 4 ; 16 : 64, bo that each 
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pair gives a round namber of amperes, volts, or watts either i 
multiples or decimal subdividons of these on the fixed scale. 

In QMDg the balance, after carefully levelling it by means of 
the spirit-level and le veiling-screws with which it is provided, the 
pair of weights (sliding and eountei-poise), requisite for giWng the 
maximum reading to be obtained as specified by the makers, are 
first inserted in their proper places, and the balance is then " set " 
to zero, by sliding the carriage to on the moving scale by pulling 
the cords. The flag is then turned to one side or the other until 
it ia found that, with no current through the coils, the index i 
(fig. 206) points to zero on the index scale z. 

A current can now be measured by sUding the carriage to such 
a position that i flouts to the zero again; the reading of the 
carriage pointer on the scales will then give the quantity measured, 
and a lens is provideil for reading the finely-dividi-d scale. 

Having now discussed the general principles underlying the 
construction and action of the Kelvin balances, it will be advi 
to consider two or three types of these very commonly met y 
practice as standards. 

Kelvin's Standard Centi-Ampere Balance 

This instrument is intended for measuring currents from 1 to 
100 centi-amperes, though the best of its range is from 0025 to 1 
ampere. All the .six coils are composed of fine wire, connected in 
series between the two terminals seen under the front edge of the 
Bole-plate in tig. 207. which is a general view of the actual instru- 
ment with glass protect! ng-ease removed. The terminal resistance 
of the balance ia about 50 ohms. 

Between the left-hand terminal and the handle which actuates 
the flag, is a disc, fixed to a shaft which can raise a tripod lifter, 
and which can be prevented from turning by a pin attached to 
the chain sliown. By turning this disc, the movable beam can 
be raised ofl' the supporting hgaments, and clamped when the in- 
strument is moved at any time. 

The centi-ampere balance can also be used as a voltmeter to 
measure voltages from 10 to 400 volts by employing a box of 
resistances up to 1600 ohms, made of manganin or platinoid, which 
are connected in series with the instrument. The terminals of the 
combination then become that of the standard balance. When i 
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for volt measurements, a tliermometer is pi-ovided for meaaaring 
the temperature of the coils. This is done by inserting it in a 
Iiole made for the purpose in the centre region of the coils. 

The effect of change of temperature in the coils of the instru- 
ment and of the extra resistance can thus be allowed for when 
great accuracy is desired. 

In the use of the balance as a voltmeter, it is best to employ 
the larger extra resistances so as to have the lighter weights in the 
sliding carriage. 

The extra resistances above referred to are usually four in 
number, three of which, in the set for use with the centi-ampere 
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^Rialancc. are each 400 ohms, and the fourth is less than 400 ohma 
by the resistance of the coils of the balance itself at a certain 
spec i tied temperature. 

In the set employed for the composite balance when measuring 
voltage or power, two are 200 ohma each, the third leas than 200 
by the resistance of the moving coils only, and the fourth less than 
200 by tliat of all the coils of the balance in series. 

In ail cases these resistances are doubly wound so as to be non- 
inductive, and are made of wire having a negligible temperature 
coefficient of variation of resistance, wound on suitable frames so 
as to give a maximum amount of cooling surface. 

The containing case is perforated so as to give enough venti- 
^^lation and allow any beat to escape. 
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The lowest resistance is intended to be included by itaelf in the 
cii-cuit of the balance, when the lowest potentials are being mea- 
sured, and in series with one or more of the others, when the 
potential is so high aa to give a stronger current than can be mea- 
sured with the largest weight on the carriage. 



Kelvin Standard Composite Balance 
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This instrument can be used aa a wattmeter, voltmeter, centi- 
ampere balance, and hekto-ampere balance for currents from 0'2 
to 500 amperes. It is sitnilar in form to the preceding centi-ampere 
balance, but the pair of fixed coils at one end of the beam are 




made of a rope of separately insulated copper wireB, similar te ' 
that used for the coils of the hekto-ampere balance. This is in 
order to prevent the inductive action (when alternating cmTenta 
are being measured) from altering the distribution of the current 
across the transverse section of the conductor. 

Fig. 208 shows the general appL-arance of the composite balftnce 
with cover removed, the two fixed thick-wire coils being on the 
left and the fixed fine -wire coils on the right, the movable coils 
being wound with fine-wire. Separate terminals are provided for 
the rope coils at the back, and foi' the fine-wire coils in the front 
(on the right). A switch, which allows the movable coils either to 
be included in the circuit by themselves or in series with the fixed 
fine-wire coils, is attached to the under side of the sole-plate oE the 
instrument, and is seen on the right. 

When the handle of this switch is turned to " watt ", the mov- 
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able coila alone are in circuit acroes the ainall terminals, giving a 

resistance ot about 12 olinis; but when the handle is turned to 

volt", both the movable and the fixed fine-wire coils are in circuit 

these tei-minals, giving a resiHtance of about 30 ohms. 

To enable the composite balance to be used as a direct-reading 
wattmeter or voltmeter, a separate anti- inductive resistance of 
platinoid or manganin wire subdivided into four coiLs is provided. 
These are connected in seiiea with the small terminals, and are 
used in the manner set forth in the directions sent with the instru- 
ment for obtaining a certain particular constant. In tlie case of 
the voltmet-er, if R = the total resistance of the coils of the instru- 
ment + that in series with them, and c = current in amperes flowing 
through it, which literally the instrument measures, then the voltage 
at th(! terminals of the combination ia v = c. r. 

The extra resistances are so arranged that the balance reads a 

[nd number of volts per division. 

When ased as a wattmeter, the switch is put to " watt ", and the 
small terminals in series with a suitable extra resistance, connected 
across the mains. 

The rope coils are connected in series with one of the mains. 



^att 
Kdui 



n = current in the fiue-wire circuit, 
K — reaiatAUCe of the fine-wii'e circuit 



The weights and extra resistances are adjusted to give a round 
number of watts per division. 

Id the use of the balance as a centi-ampere meter, the switch 
is turned to " volt", thus putting the movable and fixed fine-wire 
coils in series, and the measurements can then be taken as already 
described (p. 186). 

When used as a hekto-anipere meter, the switch is put to 
watt", aud the thick coils connected in series with the main 

;uit. A measured current is then passed through the tine-wire 
in such a direction that the right-hand end of the beam is 

illed upwards. 

The measured current corresponding with the constants sent out 
with the balance = 025 ampere, but any other current convenient 
can be used, remembei-ing that the constants vary inversely as the 
.gnireat through the fine-wire moving coils. 
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application in & pi-actical form is due to Lietit.-Col. B, R B. Cromp- 
tfji), C.B., Electrical Engineers (Vol,). 

Tlie potentioniet*r enables extremely accurate dettiriuinations 
to !« niatlt of voltage, ciirreut, electrical power, and resistance, with 
contdderable case and rapidity. All readings are in term.s o£ the 
standard of EM.F. universally used, namely, that of the Clark cell 
or it« modifications. 

One important advantage lies in the fact that the instrument 
itself iiiiiy be placed in any convenient position, if necessary, at a 
dixtaticu from the circuit in which the measurement is taking place. 
Tbii ia possible because the length, size, and resistance of the v 
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which go to the potentiometer are of no consequence, as they c 
no cun'ent at the moment of obBcrvation, 

Tliere are several makes or types of potentiometer, 
which may be mentioned those made 
by Messrs. NaUier Bros. & Co., R. \V. 
Paul, Croiiipton & Co,, all capable of 
effecting the same object; but it will 
suffice for our purpose if we describe 
one of the oldest and possibly the 
be.st-kuown form.'*, though possessinj; 
the latest improvements, namely, that 
made by Messrs. Crompton & Co., of 
Chelmsford. 

The consti'uction of the potenti- 
ometer itself is shown diagrammatic- 
ally in tig. 209, for which, with the 
two following illustrations and the 
description, the author is indebted to 
the makers. 

The calibrated wire is arranged 
in fourteen coils called potentiometer 
coils, lettered a B, and a .iitraight sec- 
tion BC, called the scale wire, the 
resistances of the several coils and of 
the straight section being equal. 

One sliding contact y moves over 
the terminals of the foui'teen coHh, 
and another R along the straight wire. 
The reading of the instrument in the 
position shown is 1046. 

The pairs of points whose poten- 
tial differences are to be compared 
ai-e connected to the blocks of the 
double-pole switch K. whose levers M N 
connect them, one pair at a time, to 
the sliding contacts QR through the 
galvanometer. 

The galvanometer key ii is arranged to complete the circuit 
through two resistances, which are shoi't-circuited in succession as 

key is depressed. The cuiTent required is derived from a small 
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secoQdary battery g. An adjustable resistance, consistitig of a set 
of coib u E, and a continuoas rheostat F, is placed in the circnit. By 
adjusting these the resistance of the circuit and the current passbg 
through it from the secondary cell, and consequently the fall of 
potential along the scale wire, can be continuously altered. The 
operator is then able to obtain a galvanometer balance againnt a 
standard cell when the reading of the slidere is that of the known 
EM.F. of the cell at its actual temperature. 

If, for example, the temperature of the cell be 15', so that its 
E.M.F. is r4;U0 volts, the sliders may be set to that reading, and 
the galvanometer brought to zero by adjusting the resistances DE 
and the rlieostat F. When this has been done the scale i-eadings 




Pig. 211,— CnnnecOom o( OomptDn Potentlomelet- 

at all points are dii-ect readings in volts. A general view of tbu 
potentiometer is given in fig. 210, and a diagram of its internal 
connections in fig. 211. Here ab is the scale wire; c the set of 
ec|ual potentiometer coils in series with it; d is the double-pole 
switch connecting the six pairs of terminals a b c d E f in succession 
to the slide contacts; ef are the re-sistance coils and rheostat re- 
spectively, and o is the galvanometer key. All the ino%-ing contacts 
are under glass, nnd the coils and the scale wire are inside the bos. 
The box itself is completely closed, but the inside can be inspected 
by removing the sliding bottom. 

Nearly all the measurements made involve the use of a standiu-d 
celt, and one pair of terminals, the pair A, is assigned to its connec- 
tions to save confusion in working. 

Fuse.s of fine wire are inserted at all tenninala except those for 
the galvanometer, to save the instrument coils in the case of an 
accidental connection to a source of high pressure. 

Two scales are engraved for slide-wii'e readings. One is a series 
of even divisions from to 105, the resistance of the scale wiw 
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betiveen aud 100 being the same as that of each potentiometer 
coil. 

It has been found convenient to be able to take readings a, 
httle beyond the 100 mark without having to move the pot«nti- 
oniuter coil switch, the scale being extended to 105 to admit of 
this. 

The other scale gives the value of the Clark cell at different 
temperatures, and is used in the following way: — 

The potentiometer coil switch is set to 14, and the slide to 
the temperature of the Clark cell taken from tlie thermometer 
attached to it. The potentiometer reading ia then tlie cori-ect- 
value in volts of the Clark cell at that temperature. 

By adjustment of the rheastat, the galvanometer is balanced, 
and when this has been done the current in the potentiometer wire 
is such that readinga at all pointa give correct value in volts, and 
the instrument becomes therefore a dii-ect- reading voltmeter. Its 

»tn&ximum range is then IS volts, reading in thousandths of a 
WtAt, and by inspection to ten -thousandths. 
I The potentiometer itself is solely a pressure measurer, but by 
combining it with its accessories, current, power, and resistance can 
just as easily be measured. 

Any pressure le3.s than 1'4 volts can be applied directly to and 
measured by the potentiometer; all higher pressures have to be mea- 
sured through the medium of what is termed a " volt box ", which 
consists of resistances bearing exact ratios to one another. Conse- 
quently the voltages at their terminals will be in similar proportion, 
and a known fraction of the total voltage to be measm^ed is there- 
fore measured on the potentiometer, whence by multiplying up the 
Iyalne of the total \oltage is obtained. 
Currents are measured by the direct application of Ohm's law, 
me ' 



voltage = 



Bie cuneut to be measured is passed through a standard low 
resistance, capable of carrying it easily, and of known value, when 
by measuring the potential difference across this resistance by the 
potentiometer, the value of the current pi-oducing it is at once 
^kiowu. In a similai' way two resistances are compared, and the 
line of the miknown obtained by comparing the jwtential differ- 
B across them, which must not be gi-eater than 14 volts for the 
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same current passing through them. In this case the volts ocross 
either are directly a to the lesistaoce. 

Alternatlngr-CuireDt Induction Phasemeter 

In alUtmating- current work, whether single or polyphase, it 
is often very convenient and desirable to know the phase ditference 
between current and pre.ssure, for on this depends the "'power 
factor" of the circuit, and, in addition, the "wattless couipoiieDt" 




of the main current, This latter it is of course important 
reduce to a minimum, not merely because it loads up the geneiutors 
and does no useful work, but because it is pi-oductive of a low- 
power factor, i.e. the ratio, true watts -^ apparent watts. 

The phasemeter uow under consideration, made by the Electrical 
Co., Ltd., of London, is an instrument for measuring directly the value 
of the wattless current in an inductive alternating-current circuit. 

In construction it is very similar to the instrument depicted 
in fig. 165, but its internal arrangements are, in the side and front 
elevatioual drawings, shown in tig. 212, and consist of a light 
aluminium or copper disc D, pivoted on a horizontal spindle s 
between jewelled centres. 

This disc is acted upon by two magnetic fields EEE, energijE^l 
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by the coila ccc, one due to the main curi'eDt in the outride pair | 
of coils, aud the other to the potential or shunt current in the | 
centre coil only, which respectively flow through the thick and 
fine wire coils. 
_ Then, as in the case of the Ferraris instruments {p. 118), i£ 
is any phase difference between pressure and current, a 
iatory magnetic field is produced. This 
ill cause the disc d to turn either to the 
ight or to the left, according to whether 
Itte current leads in front or lags behind 
iie potential difference. 

This torque is balanced 
by that of two hair-springs 
A, so that a pointer p 
attached to the disc d is 
deflected through a cer- 
tain angle, depending upon 
the amount of phase dif- 
ference between the cur- 
rent and pressure. The 
motion of the pointer P 
is damped by the Foucault 
currents induced in D, due 
to the powerful magnetic 
field projected through D 
between the poles of a per- 
manent magnet F, which 
embrace D. The -spindle s 
tnd its fittings are carried by the bracket B as shown. The J 
■Bgnetic iron circuit E of the coils c is well laminated to reduce 
B due to hystei-esia and eddy currents. 





If V — potential difTerence between two maioB, 
A = current flowing iu une iif the mains, 
- angle of pbnse difference betweeu curreni 



and pressure, 



Then we have that the turning moment 

D --- KAVBinP; 
1 if the instrument is used on a circuit of constant voltage, 
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Fig i: 



The product A sin ia the iwtHiws component of the tnaia 
current, and is indicated in amperes by the phasemeter. Fig. 215 
sliowa the general view of 
a phasemeter intended to 
carry main currents up 
to 50 amperes, and to in- 
dicate wattUna currents up 
to 35 amperes. 

As seen, the zero is in 
the centi-e, so that accord- 
ing to whether the current 
leads or lags, so the deflec- 
tion is to one side or the 
other. 

The method of coupling' 
a phasemeter P up in a 
two-wii-e cii'cuit is in- 
dicated in fig. 213, where vv arc its pressure and mm its main 
terminals, R being the load, inductive or otherwise. 

In the case of polj-pliase circuits, the phasemeter is connected 
to the neuti-al point of the 
three-phase windings. If there 
is no neutral point, one must be 
made by means of a neutral - 
point resistance. 

Fig. 214 shows the connec- 
tions for a three-phase circuit, 
in which the closed method of 
generator winding G is employed. 
A neutml pohtt o is created in the 
miitnil- point resi.stance oh, ofc, 
oc,and the pressure terminals rw 
of the phasemeter p joined across 
one of the sections o b througli a 
non-inductive resistance r. 

The general form which this 
neutral-point resistance takes is shown in fig. 216. It is built 
in three sections, ample scope being provided for heat radiation. 
They are made for pressures up to 3000 volts or ho, and the phase- 
meters themselves for currents of upwai-ds of 1000 amperes. ^^^ 
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These instrmnenta are, of couise, affecteJ by variation of 
periodicity, and if calibrated at onu periodicity will only be accurate 
At that. 

Campbell's Frequency-Teller 

This is an instrument for measuring the frequency, or perio- 
dicity of any alternating current in a circuit, enabling the users 
of alternating-current electro- motors to see whether they are being 
supplied with current at the periodicity for which the motor was 
built, a matter of considerable importance for the efficient opera- 
tion of such machines. 

The principle of action and construction is very simple, and 
ill easily be underatood from the diagrammatic sketch shown 
fig. 217. 

It consists of a wooden base b supporting a containing-case 
which contains the working pai-ts. These consist of a tolerably 
thin metal strip or tongue t', attached at its lower end to 
metal rack R. 
Gearing into R is a pinion p, actuated by the spindle A, which 
;8 through the case r, and can bo turned by the milled head N. 
To R is also attached a smaller rack r gearing into the pinion p, 
the spindle of which is rigidly attached the hand H. 
A coil c of small insulated copper wire surrounds a plate core K 
soft charcoal iron, and is connected, as shown by the dotted 
in series with a glow-lamp and its holder L between the 
two terminals tt of the instrument. 

The core K is separated from t' by a short aii--apace, and is 
carried at the end of a flat lever E, of vulcanized tibre, which can 
turn about the fulcrum M, By turning the head v and its screw D 
the system E K can be moved so that k overlaps t' more or less, 
the spring s always keeping E up against the end of D. 

As N is turned, the strip t" and rack R move up or down length- 
ways in guides, the upper one of which, G, is hollowed out so that 
the strip T* vibrates from the upper edge of g, under which it is 
irly tightly clamped, though able to slide up or down. The 
of the instrument is as follows: — 
An 8 C. P. glow-lamp (for 100 volt circuits), or 16 C. P. lamp 
(for 200 volt circuits), is inserted in the holder l, ami the t«rminttla 
TT connecteil across the circuit at any convenient point. 

An alternating current now flows through c and causes x* to 
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vibrate in s i>lane perpendicnlAr to the paper, y is Uien turned, 
thereby aEao turning the hand h over the dnU (not shown) anttl 
the iomtniment tfivea a hh&rp jarring noise. This point is ray 
erident sitd quite unmistakable, and is due to the tongue t' vihnt- 
iJig at th« Hatiie rate an the alternating supply reverses, ie. tin 




r\t.v 
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poriod of natural vibratiun of T', which increases as its lengttf 
iuoivatiiw. cuiiiciiU's with that of the current in time. The position 
of tho liftnd II on the scale tlieii indicates this perioilieity. 

Foi- jrix^at dccurocy (he iiistruuieni should be read forward, i*. 
tho hand II should U- broufihl up to the frexjuency. and not dawn 

to it. , 

H« hwtd n is for fu^usting the sen^tivenen of ^^ 
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Screwing it out makes it more sensitive, bo that it will only 
"speak" over the range of half an alternation of current if required, 
but it is then not so loud. For low frequencies n would be screwed 
well in, BO that K well overlapa t'. 



I 



The Stanley Earth-Resistance Indicator 



This instrument, made by the General Electric Co. of London, 
hIiows at a glance, by the reading of the pointer on the scale, wliat 
is till! insulation resistance of either main of a circuit on which 
it is connected. The construction of the instrument is tlie same as 
that of the Stanley ammeters and voltmeters, described on p. 46, 




and the controlling force ia either gravity, or that of a spring, 
whichever is desired. 

The principle underlying the use of such an instrument is as 
follows:— Suppose a delicate ammeter or voltmeter to be connected 
between the copper core of one main and earth. There will be 
no current, or, at all events, aa unmeasurably small one passing 
through it, due to the mains being electrically "alive", providing 
the other main is very well insulated from earth. If, however, 
this latter main is badly insulated, then a certain small current 
will flow, depending on the voltage of the circuit and the resistanco 
offered by the instrument itself plus that of the insulating covering 
of the faulty main. This current and the deflection it produces 
will vary inversely as the resistance of the circuit just named. 
Thus when no current pasBes through the instrument, t!ie pointer 
rests at the mark "Inf." on the scale, indic«tive of the resistance 
of the circuit in which it is placed being infinitely gi'cat. Aa 
the resistance of the insulation of tlie main becomes faulty and J 
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Ies8, the eurreat increases, causing a deflection; and, if the faulty 
main had no insulation on it at all, the deflection would hv a 
maximuni, and the pointer would move to on the scale, hi 
this case the resistance of the instrument would alone be instru- 




mental in keeping the current through it, within safe limits. Hsma ■ 
such instruments are wound so as to have a considerable resistance, 
and are graduated to read directly in ohms at the voltage epecified, 
and at which they were calibrated, and only on this will they read 
correctly. 

The connections of the instrument to the circuit are indi cated I 
in fig. 21S, and a general view of it is shown in fig. 21^ i 



indirate^ 
19. J^H 



CHAPTER Vni 
ELECTRICITY SUPPLY METERS 



This portion of the subject of electrical engineering measuring 
instruments appeals both to the general public and to the electrical 
engineer, and is extremely important. 

Tlie instruments we have been considering in previous chapters 
are, of course, absolutely necessary items in the manipulation of 
electrical power for public supply purposes, but their cost compared 
with that of the rest of the plant is small, and therefore, financially 
speaking, they are not so important. 

The case, however, is different with the electricity meter, one 
having to be supplied to each consumer. 

Conse(]uent]y the fii'st cost of meters, the fact that they form 
the link between capital and revenue, and also that they decide 
what the consumer has to pay, makes the subject of them one 
of great importance, and more so than that of any other type of 
instrument. 

There are really five conditions pertaining to the systems of 
distribution of electrical power at present in use, which give rise 
to as many different ways of measuring or charging for the 
energy supplied. 

It may be convenient to note them in tabular form as follows: — 





Woriiini CondlMoni o( Cirenll. 
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Nrune ol M»ter- 
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A.V.f 
A.V 
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V 






V.i 

A.f 

A.V.( 




fv.a, 
'j\.d, 


None. 

Time check or Lour counter. 

VoH hniir meter. 

/Coulomb, or nmjiere hour 
I meter. 

(Energy, erg, joule, or watt 
\ hour meler. 
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Where A and V = instantaneous values o£ current and voltage, 
ti and t^ being the initial and Snal times between which tbe 
energy is used, and therefore requires to be meofiured, and dt 
a very small interval of time. 

An electricity meter, therefore, is an integrator of the variaUe 
quantities in a circuit. 

Referring now to the above table, No. 1 is the case when 
no meter is used, the consumer being charged by contract under 
the distinct understanding that he only uses the lamps for the 
usual length of time each day. 

No. 2 is used in conjunction with motors or arc lamps, ic, 
running on constant load, in which case the electrical power 
supplied to them is constant, only the i-emaining factor of the 
energy, time, being measured. 

No. 3 is for series systems at constant current; while 4 and 
5 are used with parallel systems of distribution, and are tLe two 
of most importance. We shall, therefore, considei' these two types 
now in some detail, and subdivide the vaiious forma as follows: — 

(Chemical. /Periodic iotegnitor. 

Motor. Witli clocto.- CuutiiiuouB jntegniWr. 

TherniaL Iciocks affected. 

The thermal form of meter has become obsolete, owing to 
the delicatenesa of its construction necessary to reduce frictions 
to a minimum. In fact, this form of meter requires friction to 
be reduced almost below the irreducible minimum if It could be. 
owing to their small driving tortjue. 

Prafessoi' Forbes' thermal meter is a very neat and pretty 
instance of this kind of instrument, and a de-sciiption of it will 
be found in Slings & Brooker's Electrical Eugivceriiig. 

A great disadvantage in this type of meter is the large amount 
of energy wasted in it. 

This question of the energy thus wasted is an important 
matter, as it may amount to a large item in a year. 

The waste or loss of energy is in itself exceedingly objection- 
able; and it may also entail a fall of potential in the meter, which 
■would reduce the available pressure for the lamps. Such fall 
should certainly not exceed 01 per cent of the working voltage, 
but in the best raetera it does not exceed 0*075 per cent. Any 
reduction of pressure on the lamps at or about the normal voltngn 
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entails at least six times that reduction in the luminosity. Thua 
the matter is not one tliat can be ignored. 

The chief loss of energy, however, is not in the ujain-current 
circuit, which in the better- meters does not exceed 0'5 watt, 
but in the tine -wire ciixiuit in the case of energy meters, and 
in coulomb meters possessing shunt circuits for producing initial 
constant magnetization. This loss has been reduced to TS watt 
in some forms, so that we may say that such instnimenta have 
a loss of at least 2 watts, though probably more often 3 or 4 
watts, and sometimes 10 or 15. 

Now since 1 year = (365 x 24) hours, and if 1 Board of Trada 
unit (1000 watt hours) costs 5d., then the cost of energy wasted 
per annum, taking the power absorbed at 3 watts continuously, is 

2 
* — T5ftiiH~ — ~ 10"05 shillings, say Us. per annum. 

At 5 per cent this represents a capital of about £11, which 
is a good deal more than the cost of the best meter, of the size 
which is used to the greatest extent at the present day. 

A little consideration will show that the consumer pays for 
the wasted energy if the fiue-wire circuit is across the mains on 
the lamp side of the main coils, and the supply company if it is 
connected on the opposite side. 

Electrolytic meters, and those in which clocks are affected, 
commence registering with currents far less than is required for 
the smallest lamp mode; and this is one of tlieir great advantages. 

Motor meters, however, give trouble in this respect, owing 
to the larger amount of friction to be overcome. This results in 
an uncertainty of action in starting, and may mean that two or 
three lamps can be used alone, and for nothing, without the meter 
starting. 

In all coses meters should be capable of starting with the 
current taken by the smallest lamp used' in practice, and should 

El accurately over their entire range, as a small error may 
(unt to much in the year. 
Meters possessing fine-wire circuits are liable to the temperature 
»r met with in voltmeters; an error which can be minimized in 
the manner mentioned on p. 14. Copper being always used in 
the coils, this error within the usual limits of temperature may 
pount to 6 per cent or more. 
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A meter should require no attention beyond that of taking 
the dial i-eadinga once a quarter; consetjuently, it should not bt 
too delicate or fragile, and should be capable of being seated by 
the supply company in a dust- and water-tight ease, to prevent it 
being tampered with by the consumer. 

Moreover the internal parts should be idl enclosed in a case of 
iron, 80 as to be shielded from external magnetic influence (p. 8). 

In tlie case of motor meters the nature of the retardiug n- 
sistanecs is twofold — one, that of fricliimal resistance, the morooit 
of which, in present-day meters, varies from 50 to 1500 dyne 
centimetres, while the average value met with amounts to aboat 
400 dyne centimetres. 

This friction is practically the only serious trouble met with 
in this class of meter, and it both limits the accuracy, and causes 
wear and tear of the rubbing parts, in addition to loss of enet^. 

The other retarding resistance is that due to the brake, whidi 
may consist of either a rotating air-fan, which introduces & 
retarding moment oc (speed)* or that due to Foucault current 
friction. 

In the case of this latter, if the permanent field F causing the 
induced currents c is really constant, then 



I 



where n = the speed. 

But the retai-ding torque is a to this induced current c. 

Hence the retardation is cc to the speed 7i, 

In well-designed motor meters the driving torque is « to 
the main current x fixed-field in coulomb meters, and a to the 
main current X pressure current in energy meters; and in present- 
day commercial meters it does not exceed usually 15,000 dyne 
c on ti metres. 

A meter to be a commercial success at the present day must 
combine avrnplidty and cheapness with the greatest permanent 
uccwucy and freedtmt from failure. 

Of the six different types of meters mentioned on p. 202, the 
simplest, undoubtedly, is the electrolytic. Electrolytic meters are 
essentially coulomb meters, depending for their action on the well- 
known fact that the chemical decomposition is directly a to Uie 
current, i.e. to the number of coulombs passed. In other words 
they measure the jAdt. 
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Hence on a circuit of conatant pi-easure v, their readings can 
be made to denote vj^dt, i.e. the energy supplied. 

Their great advantage lies in the fact that they possess none of 
the errors accruing to motor meters in the matter oE friction, ic. 



■ The Bastian Electricity Meter 

This meter, devised and patented by Mr. Bastian, and made by 
the Bastian Meter Co., London, is one of the most successful and 
accurate of electrolytic or chemical meters, and has been approved 
by the Board of Trade. It in, of courae, only available for use 
with continuous cmrenta, and will not work with alternating' 
currents. 

Since it belongs to the electrolytic class of meters, and depends 
for its action on the eleetrolyais of water, it is a coulomb (ampere 
hour) meter; but, at constant voltage, it will indicate on its scale 
the energy in Board of Trade units. 

The principle of action depends on Faraday's well-known law 
in connection with liquid circuits, which states that the quantity 
of gas evolved, or volume of water decomposed, by a current of 
electricity, is directly proportional to the electrical energy at a 
given voltage, or to the quantity of electricity passing through it. 

A general view of the interior of this meter, witli the door of 
the containing-caae open, is shown in fig, 220. from a reference to 
whicli the construction will be understood. This is extremely 
simple. It consists of a moulded glass tube terminating at the 
lower end in a spherical-shaped bulb or globe, while the upper end 
is open. 

Tliis outer receptacle is filled with the electrolyte, which is a 
very dilute solution of sulphuric acid and water, and a non-freezing 
mixture. 

A hollow vulcanite box, into the top of which is fixed two 
\'ulcauite tubes extending upwards out of the top of the moulded 
glass tube, is contained in the glass bulb or globe. This box 
supports the platinum electroiles and the lead leading-in wires 
which pass thi-ough the vulcanite tubes. The ends of these wiitie 
ore clamped to the terminal blocks seen at the top on the inside 
of the con tain ing-case or box, 
^ This case is made either of wood, cast-ii-on, or tinned and ' 
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iron plate, a window be 
which the fixed scale of 
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ng inserted in a hinged door, 
^e meter can be read without 
having to open the 
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r The graduated 
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JHi|A scale representing 
H| B.O.T. units at some 
H|H defimt« pressure, and 
Bw? 1 having ils zero at 
the upper end, is 
I ■ fixed to the vertical 
j moulded ylass tube 
containing the elec- 
trolyte, directly in 
front of it, the level , 
of the solution being 
j read off on the scale. 
A little par&fim- 
oil is poured on to the 
surface of the elec- 
j trolyte to prevent 
i _ atmospheric eva- ^ 
■n poration, the read- 
I^L ing at any tune 
'^^^ being taken from 
,^B^ the straight line 
!|l formed by the junc- 
H tion of the oil and ' 
'■ 1 electrolyte, and not 
, 1 from the upper aur- 
'\[W face of the oil. 
-^J In fig. 220 the ' 
meter reading ia just i 
40 B.O.T. units. The , 
whole of the current 
to be metered passes 
3 other, thi-ough the electrolyte, 
ilone, the oxygen and hydrogen 
canite tubes into the air. The 
7 gradually reduced at a rjt^l 
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strictly proportional to tlie ([iiautity of current passing fmin time 
to time. 

Thus the difference iu the height of the liquid between two 
readings, as indicated ou the scale, is an accurate measure of the 
quantity of current, or of the energy at constant voltage, that has 
teen consumed in the circuit. 

The meters require to Ije refilled periodically with fresh water. 
This can easily be done without removing any of the parts from 
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the case, by means of the conical funnel wliich leads into the 
moulded glass tulje tlirough the cover at the top, 

Refilling is not likely to be required mure than alx)ut once a 
year, however; while meters for three-wire circuits require refilling 
after about 1000 B.O.T. units have been UHed. In connection with 
lliiH system of distribution, the consumption on each side of the 
tliree-wire net-work is registered independently by two separate 
meters, which are fitted in one case. 

This kind of meter is highly suitable for use in hot and dusty 
positions; and it can be u.sed on motor circuits owing to the heavy 
starting currents being accurately measured, while the calibration 
of the meter is unaffected by such overloads. 

The Basttan meter will accurately measure the smallest possible 
current that can be pacing in the cireuit, if onl3' a leak on the 
house-wires; and the accuracy of the calibration throughout the full 
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range of the meter — even with heavy excess loads — is guaranteed 
to be within 1 per cent of en-or over the full length of the scale. 
Fig. 221 shows the erixjr curves of one of these meters. 

Polarization and back E.M.F. can produce no such errors as are 
possible, indeed unavoidable, in the case of all shunt«d electrolytic 
meters, whether copper-depositing, mercury -depositing, or of any 
other type, tm there is no shunt in the Bastian meter. 

Pi-ovided a fuse is in circuit, arranged to " blow " at 100 per cent, 
or thereatwuts, over the normal current, the Bastian meter will be 
quite unharmed by the effect of an accidental short circuit 

Mr. Bastian has discovered that when two uninsulated wires 
dip down into a liquid, a heavy excess current passing through 
those wires causes the negative wire to fuse exactly at the point of 
- junction with the liquid — neither above nor below. And in the 
meter under notice, this curious etfect, which we will term the 
" Bastian eflect ", is prevented by insulating the platinum wires, at 
points where they enter the electrolyte, by carefully coating them 
with a thick layer of vulcanite or ebonite. 

Id this way the meters are made to withstand the effects of a 
short circuit, as above stated; whilst, before this discovery, the 
negative leading-in wire invariably melted, even though protected 
by a delicat* fuse. 

The meter is, of course, quite silent in working; and the gases 
given off are of an entirely inoffensive natui-e, 

A 5-ampere meter working under full load for two houni 
evolves something less than one-fourth of a cubic foot of oxygen 
and hydrogen — tjuite a harmless quantity. 

The electrolyte "ages" after a certain quantity of electricity has 
passed, and its conductivity improves. This improvement is main- 
tained after the meter has been refilled, and the resistance of the 
electi'olyte consequently tends to decrease w-ith time. 

This decrease of resistance, however, does not affect the accui-acy 
of the meter in any way, as there is no shunt; and for the same 
reason the accuracy is unaffected by variation in the specific 
gravity of the electrolj-te. 

Unlike many other forms of meters, particularly those of the 
motor class, this electrolytic meter cannot register too fast, or too 
slow, or reverse; and an almost infinitesimal amount of energy is 
consumed in it. 

The meter being in every sense of the word a quantity o» 
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Gonlomb meter, its construction is entirely unaffected by the voltage 
of any circuit for which it may be intended. Only the caUbration 
is concerned with the voltage, since the thing actually measured ia 
j A.dt. At any constant pressure v, the scale can be marked off in 
B.O.T, units to correspond. It is now made for any current up to 
about 25 amperes at any voltage. 

Edison's Electrolytic Electricity Meter 

This meter, until recently made by the Edison & Swan United 
Electric Light Co., is a " quantity " or " coulomb " meter applicable 
to continuous-current supply systems. It is really a specially- 
arranged fonn of voltameter; and in common with all such ap- 
pliances depends for ite action upon the principle, that the amount 
of chemical decomposition caking place in a voltameter duo to 
the passage of a cuiTent, is directly proportional to the pi-oducb 
of the current strength and the time for which this current flows. 
Consequently, this meter measures the quantity of electricity that 
is given to any particular circuit iu which it is placed, in ampere 
hours. It has been largely used in America, and has the advantages 
of being cheap in first cost, simple in construction, and accurate 
when due care is taken. One inherent disadvantage, however, is 
the somewhat frequent periodical visits to the meter for the purpose 
of taking the gain plates out and weighing them in order te obtain 
the weight of the deposit. The change in weight of the plates, 
during any period, is directly proportional to the quantity of elec- 
tricity supplied through the meter. 

Fig. 222 shows the arrangement of the interior of the meter 
when intended for two-wire systems of supply. It consists of two 
corrugated low-resistance strips of platinoid, or manganin (seen at 
the tep of the contain ing-case), placed one in series with each main. 

Connected to the ends of each strip are two voltameters A, A, 
each consisting of a glass jar containing a saturated solution of zinc 
sulphate and water. Into this solution dip two zinc plates, fastened 
together with a hard rubber bolt and nut, but insulated from each 
other by a short air-gap. 

The connecting wires, leading the current in at one plate and 
out at the other, pass through a rubber cork which seals the jnr. 
The voltameters are iu parallel with each other across their re- 
Bpective strips, and since the amount of electrolytic action is the 
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same id all parts of a circuit at the same instant, the sum of the 
deposits of zinc on the cathodes of each pair of voltameters will be 
the same, and therefore one pair will fonn a check on the other. 

From the foregoing considerations, it will be seen that the elec- 
trical design of tlit- meter is auch that only a small percentage oE 
the total current entering it pasaes thmugh the vultametere, cauong 
the deposit on their cathodes. 




n^ iSS.—StilBiia Eleutrotjtk EJevtrldt/ JUstoi (InWiluc 



The abo\e arrangement, however, would be very well if the 
resistance of shunt and strip varied in direct proportion with 
changes of temperature; but the resistance of liquids decreases with 
rise of tempei-ature, whereas tliat of metals increanea, so tliat grave 
errors would arise in the meter readings if allowance was not niade 
for this fact. This is done, in a yery simple way, by placing directly 
ill seiies with each voltameter a small copper compensating resist- 
ance, of such a value that the increase in its resistance just balances 
(j^e decrease of that of the voltameter for the same temperature. 

In this way the resistance of the shunt is kept constant for 
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variations of temperature, and Binee that of the strip varies very 
slightly with tempei-ature, errors due to this cause are practically 
eliminated. 

This compound shunt is often made yj-^th of the resistance of 
the strip, so that the deposit which occurs in the voltameters is that 
due to ■j-o'iiu'Ji of the total current passing through the strip or 
meter. 

A provision is also made in this meter for preventing the 
solution freezing in cold weather, which may be termed a thermo- 
Htal, and is shown at B, fig. 222, midway between the two pajra 
of voltameter jars. 

It consists of a glow-lamp, one terminal of which is connected 
to one main, while the other is Joined to a fixed stud, seen at tbo 
top left-hand cap of the lamp. 

A movable stud is carried at the free end of a vertical compound 
It'ver. This lever consists of two strips of different metals soldered 
together, and of which the one that expands and contracts most 
with temperature is placed inside. 

The other main is connects to the fixed end of this bar or 
lever. Thus when the temperature gets too low the bar bends, due 
to unequal contraction of its parts causing the moving stud at its 
upper or free end to touch the fixed stud and so light up tlie lamp. 

The warmth from B is sufficient to prevent A A from freezing. 
Rise of temperature causes the bar to ciirl in the opposite direction, 
thus breaking circuit. 

The point or temperature at which the thermostat b is brought 
into action can be regulated by means of a set-screw and nut 

This type of meter is made for currents up to 600 amperes, and 
I Bpecially-aiTanged one is employed for use on three-wire systems. 



Tbe Long'-Schattner Prepayment Electricity Meter 

This belongs to the electrolytic class of meter, and is consequently 
iotilomb meter. On constant potential circuits, however, its scale 
9 be graduated in Board of Trade units in the manner indicated 
■ p. 205. The meter has been approved by the Board of Trade; 
1 its action depends on the electrolysis of copper sulphate with 
electrodes. These latter, together with this particular 
rolyte, have been chosen because the electrolysis of this solution 
I better known in all its conditions than tliat of any other salt. 
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owing to the enonnoas scale on which it is cari-ied out at th^ 
present day. The chemical work done at one electrode is undone 
at the other, and except for the transfer of a certain amount of 
copper from one to the other, all conditionH remain unchanged. 
Thus it is possible to reduce the drop of voltage to a very low ebb, ^ 
while at the same time the resistance, strength of solution, and 
all other conditions remain constant. Many of the objections to 
electrolytic meters are overcome in the Long-Schattner — for 
instance, the deposition of the metal is downwards upon a cathode,, 
relatively large compared with the anode. The current densit] 




Meter (Qeaeral principle) 



therefore at the surface of the plate is small, and a regular deposit 
is the result, adhering firmly to the cathode. 

This Long - Schattner instrument is extremely simple in 
principle, and is designed to allow of the introduction of the pre- 
payment system, practically without additional mechanism. The 
meter, however, is only applicable to direct currents, and will not 
work with alternating currents. 

The construction of the Long-Schattner prepayment meter will 
be best appreciated from the accompanying diagram of the instru- 
ment and connections (fig. 223). 

In this diagram, A is a lever pivoted at x. At one end of the 
lever ia suspended a copper plate B, which is immersed in a solution 
of copper sulphate contained in the box D, which is also of copper, 
and forms the negative plate, or cathode. C is a weight to balance 
the other side of the lever, k and E are cups to hold respectively 
the coins that come in through the slot, and the standard weights 
with which the collector replaces the coins when he collects them, 
thus leaving the balance, or rather want of balance, unchanged 
Fj and Fj are mercury cups; Fi, the large one, is filled with 
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lercury; F^, the small one, is half-filled with mercuiy and then 
filled up with creosote oil. H, and Hj are contact pieces forming a 
bridge across the mercury cups, which bridge is fixed on the lever. 
Bi is a main resistance, across which the depositing cell bd is con- 
nected as a shunt, and R, is a large resistance connected across the 
mercury cups. 

The connections are shown more fully in tig. 224. 

From this it will be seen, that when the lever is "up" the I 

rcury connection in the cup F.^ is broken, and the current has to 
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} through the resistance Rj. The course of the current is then 
f f oUowa : — 

I, (When the lever is " down",) Entering at o to mercury cup 

1 contact piece P^, H^; from there part goes through a connection 

f plate B, aci-oss to the box D, depositing copper from B to D and 

i to y; the other part, the main current, goes from Hj to H„ 
Fj, through the resistance R,, and joins the other part at Y, 

1 leaving at the terminal Q. 

IL (When the lever is " up".) The contact piece Hj is out of the 

rcury, and the current has to take a course through the resistance 
I, which causes a very large drop in voltage; a part again goea 
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through Hi, and the other part np Hj to the plates b and D, i 
joins the other part at Y as before. 

Resistance Cut-out.— Fig. 225 is necessary to explain th£ 
device denoted by Rj in the above two figui-es. 

It will be seen that a single resistance across the mercury ciip^ | 
would not answer entirely satisfactorily, as with only one or twc^- 
lamps the dininess produceil would not be sufficient. Oi- again, if it> ' 
were made sufficient, the lamps would be pi-actically extinguished. 
- if the full or nearly full com- 

plement of lamps happened 
to be on when the meter ran 
out its money. 

Another point that has 
been suggested is, that with 
such an arrangement, an 
unprincipled customer with 
sufficient knowledge mighty 
insert lamps of a low vol- 
tage, and thus continue using 
the current without insert- 
ing any coins. Of course. 
pi-acticaJiy, that would not 
he possible; as the inspector, 
uliou he came round, would 
at once notice that the meter 
had been put "out of balance"; 
but the arrangement in fig. 
225 obviates both these diffi- 
culties. 

A is a medium resistance, and T a high resistance: in aeries with 
these is the relay c. These three resistances are connected in series 
across the mercury cups Fj and Fn, and s is a spring acting against 
the armature of the relay. When the armature of the relay pulls 
up, the high resistance T is cut out. 
The action is as follows: — 

When the circuit is " broken " by the lever with only two or 
three lamps on, the high resistance is kept in series, thus causing 
proper dimness of the lamps. With many lamps on when the 
" break " occurs, the relay pulls up, cutting the high resistance T 
out of circuit. Thus a proper dimness is always obtained. 
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has to be inserted, which brings the lever down, establishing » 
short circuit across the mercury cups. It keepa in this poalion 
until the amount of electricity et:|uivalent to the coin has been 
used, that is, until B is lightened enougli to cause an overbalance, 
breaking H^ and Fj, and causing the current to pass through the 
dimming device. Thus the circuit is never actually broken, but 
the lamps tuiTied on continue to burn so dimly its to force the 
consumer to insert another coin to get any appreciable light, wliiUt 
he has also to pay for the light he bums dimly, as that too goes, an 
before, through the voltameter. In reality the next coin he inserts 
pays for that light. By never completely cutting off the light a 
great advantage is gained. It is distinctly a disadvantage in n 
prepa^Tnent meter that the consumer should suddenly be put in 
darkneas. It has been found that the creosote in mercury cup F. 
is very effective. It causes a perfectly spaikless " break " and 
" make ", even at full load on a 220 volts circuit, and it also keeps 
the contact maker, H,, perfectly clean. It does not deteriorate, 
neither does the mercury, so that the cups need no further atten- 
tion when working. 

One copper plate and box, i.e. the depositing cell, will last about 
600 units, and then has to be replaced with a fresh plate and box, 
at a cost of four shillings. The box and plate are made easily 
detachable from the meter. 

It is necessary to pour a thin layer of ordinary uuiehine-oil 
over the top of the copper solution, thus preventing any evapora- 
tion, and reiuhnng creeping impoaaibte. This does not affect the 
plate or bos at all, the only precaution necessary is to rinse the box 
and plate with water when removing the solution. The copper 
solution, thus preserved, is not affected by time, temperature. Sue., 
and keeps in good condition for three or four years. 

The meters are calibi-ated to any required rate per B.T,TJ. 

The copper sulphate solution is of 1080 specific gravity, and is 
made up of 1 per cent sulphuric acid and 99 per cent water. 

Fig. 226 shows an internal view of the Long-Schattner prepay- 
ment meter with cover removed, «'hile the outside appeai-ance of 
the meter is depicted in fig. 227 with its cover on. 

Silver coins as well as pennies can be used — viz. threepence, 
sixpence, and a shilling. 

With each meter are supplied standard weights to cover the 
life of a plate : these weights are placed in the standard-weights 
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ntioned here, because these standard w 
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9 a detail 
sights are 




Lnt feature of the meter from a consumers point of view. 
r coin, though iMsaing at its full value, has frequently lost a 
1 of its weight by wear, but the consumer does not lose by 
For instance, suppose all the coins inserted during a month 
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or longer have been light or worn coins, when the collector calls h^ 
exchanges these for the standard weights. The consumer can theiK= 
take the full amount of energy due to him just as if had used new^ 
coins. 

The Schattner Standard Meter 

The Schattner meter was originally brought out in the above^ 
form, namely, as a prepayment meter, its design being such aa to— 
offer special facilitieH in that respect. The instrument was, how- 




ever, subsequently modified (<o as to form an integrating meter of 
the ordinary recording type. 

The recording meter works on the same principle as the Long- 
Schattner prepayment meter, which it very closely resembles, so 
that only a very short description will be necessary. 

Fig. 228 shows the arrangement diagram matically. A A is a 
lever pivoted at x. from one side of which the copper plate B is 
suspended in a copper sulphate solution contained in the box D, 
which is also of copper, and which forms the negative plate or 
cathode. R is a resistance across which the voltameter is con- 
nected as a shunt. The current enters at o, and the main part 
goes through the resistance R to Q, where it leaves the meter; bat 
a part goes from o to M, then through a flexible connection to 
the plate b, through the depositing cell, carrying over copper from 
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B to D, and then from the termmal t back to q. On the other 
side of the lever are two scales ss, one over the other, which carry 
weights w, and w^. The upper scale has one hundred divisions, 
and the weight w, is so adjusted that each division represents one 
uniL The lower scale, which is the saDie length as the other, has 
ten divisions only, and each represents 100 units, w.. is a weight 
suspended on the notches of the lowest scale, and is exactly ten 
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tinicM as heavy aa w,. Moving Wj one notch farther is e<mivalent 
to 100 units, or moving w, all along the top scale. 

To Read the Meter. — As the current passoa through the meter 
the plate B gets proportionately lighter, and the units used are 
read oft' fi-om the scales after the position of the weights has been 
adjusted, so that balance is obtained, w, is in the form of a slider, 
which IB moved along the scale by means of a cord which passes 
round the pulleys p,, p^, P3, p^; p, having a long spindle which 
pa-sses through the case, and carries a milled nut on the outside. 
Lis not attached to the slider itself, as this would cause a 
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error, but to a button which plays betweea two stops on the did 
E is a small spring to keep the cord taut The arrangement F"" 
moving w^ is not shown in the figure, but this is also actuated frc:>j 
outside the case. The length ot the scale is 5 inches, a unit 
therefore represented by ^ inch, which is amply sufficient For 
accurate reading. 

The Schattner standard electricity meter has been tested moet 
thoroughly, and has given very satisfactory results, the chief 
advaotagf being its great accuracy at all luads. Owing to this, 




Fig. 230,— Sch»ttiierSUnd»ril Meter (CoiBtinpoBi 



the meter may be tested and calibrated at any convenient load, 
and will, if cori-ect then, be correct also at any other load within 
its range. It registers correctly down to 015 ampere, which is 
less than the cun-ent taken by the smallest lamp, 

One copper plate and box will last from 1000 to 1100 units for 
meters up to 10 amperefl capacity, and 2200 units for meters of 25 
amperes capacity, it then has to be replaced by a fresh plate aad 
box, at a cost of about four slullings. The plate and box are made 
easily detachable from the meter for this purpose. When the caso 
is fi."ted, no tampering is possible. 

It is necessary to pour a thin layer of oitliuary machine-oil over 
s bop of the copper sulphate solution to prevent evaporatic 
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This has no effect on the plate or box, the only precaution 
necessary being to rinse the box and plate with water when 
removing the solution. The copper solution thus preserved is 
unaffected by time and temperature, and will keep in good condition 
for three or four years. The strength of the copper solution is 
that given on p. 216 for the prepayment meter. 

Fig. 229 shows the internal view of the Schattner standard 
electricity meter with cover open, moat of the parts being visible. 
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yig. 231.— Scbatlner Staudird Uster (Error Cnmaj 

The general outside appearance of this meter with cover on (in 
position) ia represented in fig. 230. 

The curves relating percentage error and load in the catie of a 
standard Schattner meter for 10 amperes in each case, hut 100 and 
200 volta respectively, are depicted in fig. 231, These apparently 
sliow that there is no appreciable difference in the two sizett, and in 
neither of them doea the percentage *rror exceed abijut 2 per aat. 
This only occurs juat at the bediming and at the end of the range. 
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Wrlg-ht's Electrolytic Meter 
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This meter, which is made by th.> lU-tiwui Manufacturing C!om- 
pany of Brighton, is of the shunted electrolytic typo. Itx j-riuciple 
is the same as that osed in electro-plating, i-f. the amount of mnUil 
deposited is proportional to tlic quantity of electricity pamed 
through the electrolyte. The UtUr coiwiBtH of itiercuroiw iiitraU), 




ao that only ahoat jg^ of tbe cunvnt to be measorecl [wa 
Ltfiini^lli th« cell 

The eJectriotl connections ore shown in the acconipaoyi 

! current enters at the terminal D, and the greater p) 
; pawMM niund the low redstance A to the tenuiniil £. T 
mt current, which works the meter, and which is alw: 
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exact fraction of the total cuiTent, passes fi-om d through the 
fine - wire resistance P to the mercury anode A. Thence it 
goes through the electrolyte to the eatliode c, and finally to the 
terminal E. The relations of p and R are calculated in the first 
instance, but the exact 
final adjustment is made 
by sliding the two wires 
L and M up or down in 
two holes drilled in E 
and D, and so varying 
the value of R, A mo- 
tion of about J inch of l 
and M in E and d effects 
an adjustment of about 
1 per cent 

When a current is 
passing through the 
meter, metallic mercury 
is deposited on the 
cathode, whence it 
fulls in minute glo- ~ 
bules into the first gi-a- 
duated tube o, which 
reads direct in units. 
This is made in the form 
of a siphon, so that when 
it is tilled by a quantity 
of mercury equal to 100 
units it automatically 
and completely empties 
itself into the lower tube. 
This is provided with a 
scale s, of which each 
division is equal to 100 units. In the standard form of this 
meter there are ten of these divisions, bringing the total capacity 
of the meter up to 1000 unita. The mercury as it is dissolved 
from the anode is fiimultaneously replaced by fresh metal drawn 
from the anode feeder F. The latter acts in the same manner 
as the wetl-known " bird*fountain " in keeping the level of the 
mercury constant. 




Fig. 23a- 
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After 1000 tmite have beoi registered the meter has to be 
reset to a-ro. This is done by the mmple operation ot tilting 
the whole tube aboat the hinged sapporting brackets, so that bU 
the memuy is retomed to the anode and feeder. The reading 
tnbea are left quite etiip^ and the meter is in precisely the fl«ne 
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cooditioQ as when Srst installed. The 
operation ot resetting is shown in 
fig. 2^4. 

It will be at once apparent that 
this simple method of resetting to 
zero, due to the electrolytic cell being 
hermetically sealed, is an enoimous 
iiuprovemeut in this class of meter. 
There is never any necessity to add 
fresh solution or to change the anode. 
In fact, the chief difficulties that 
have, liitherto, helped to debar elec- 
trolytic meters from more general 
adoption are thus eliminated. 

In calibrating the meter, the point 
at which the mercury siphons over is 
first determined by experiment, and the distance between the zero 
and this point is made equal to 100 unit& 

The siphon tube is then divided very carefully between those 
two cardinal poiote, ho that the amount of mercury contained in 
each of the 100 divisions is exactly equal to one unit. A further 
teat is made after fixing the siphon ui the main tube to verity 
that the siphoning always occurs exactly at 100 units' reading, 
~^e tube, resistances, and other parts having been fitted into the 



Fig. JM -Ot*nil 
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iase, the meter is then tested for a lengtliy period on varying 
load. 

Tliie meter has the great advantage that the back E.M.F. in 
;,he electrolytic cell is reduced to 
1 negligible amount, and does not 
jxceed TTshm ^'^'t. Ab the drop 
in the meter ia 1 volt at full load, 
ihe disturbing effect of the back 
E.M.F. at Y^v 'oad is not more 
:han 1 per cent 

The drop of pressure in the 
meter does not exceed 1 volt, 
which is smaller than tbat met 
ftnth in some forms belonging to 
this class of meter. 

It may be asked how the 
Haall but perceptible back E.M.F., 
which is found in electro-plating, 
Mid which is manifested in shunted electrolytic meters where 
metals are deposited, is got rid of. The answer is, that such a 
Munter E.M.F. is caused only by differences of concentration in 
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iifferent parts of the electrolyte, and that, by suitably stirring the 
(olution, it can be made extremely small. In this meter the cir- 
jylfttion or stirring is done by gravity, and is entirely automatic 
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The heavy solution formed at the anode falls, while the weaker 

solution at the cathode rise^, the interchange of solution being 

assisted by the curved surface of the mercury anode. The 

OHHs process is illustrated in 

fig. 235, which exhibits 

the stream lines in the 

solution. 

The fact of having 
the anode above tlie 
cathode is thus seen to 
be of vital importance. 
So desirable was it to 
eneoui-age this gravita- 
tional circulation that 
in some of the earliest 
metera of this form 
the mistake was matle 
of having the anode 
trough too shallow, and 
thus iTiuning the risk 
of some of the mercury 
spilling over when the 
teh,er*tube" ''° ^" meter was subjected to 

Fig. 237,-Curv« .bowing MeOiod -1 C^mpcnifltlon lor vibration. It WaS foUnd, 

V»ri«Uun ol TemiwniWre 

however, that the auto- 
matic circulation was so active that the anode trough could be 
made deep enough to prevent any possible spilling over of the 
mei-cury, even with extraordinary vibration. 
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it Very Ugbt Loadi 



The efficacy of this circulation may be judged by the 'fact 
that, for an hour, the meter can be overloaded to three times its 
normal capacity, before the solution at the anode becomes heavy 
enough to deposit cry.stals, the production of which is, of cotUM, 
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Fig. tsa.—EtTor Curve at OtdiBUTWoiiiliisLouli 



tile sign of the concentration of the solution to the 
saturation. 

Constancy in tlie resistance of 
tlie cell follows naturally fi-om the 
arrangement of- the parts. As pre- 
viously explained, tlio anode feeder 
keeps ttie surface of the anode always 
at exactly the same level in the tir- 
eolar trough. Its average distance 
from tlie cathode is therefore un- 
varying. The area of ity surface is 
also constant, as this depends only 
on the height to which it rise-s in 
the trough. The areas of anoile and 
cathode, and the mean length of the 
Conducting path for the electricity, 
thus being all constant, the resis- 
tance cannot alter. The total i-esis- 
tance of the cell circuit, consisting 
of the electrolyte and the tine-wirc 
coil, which is large in comparison, 
must therefore remain constant. That 
this is 80, and that consequently the 
shunt resistance and current are 
alwaj's exactly proportional to the 
main resisUince and current, is ex- 
hibited in tig. 236, whei-e the straigiit 
line graphically represents the ob- 
served values. It followH, from thef'e 
conditions, that a shunted meter such 
as described will always register 
I accurately. 



poiut of 




ELEfTRlC'AL MEiVSVBINC INSTRUMENTS 

The proper compeosation of meters for temperature changea 
is, aa a rule, not insisted on so strongly as it should be. 

In those furnished with metallic bi-akes, it is difficult to eff^t 
the compensation, but, in the present case, an ea«y remedy lies 
at hand. The resiatance of the electrolyte diminishes with in- 




to lU aiupeTM) 

crease of teuipernturt*. while tlie reverse takes place with copper 
wire. If, therefore, the fine-wire bobbin be wound with a suffi- 
cient proportion of copper, within given limits of temperature 
the rise in its resistance will counterbalance the diminution in 
that of the electrolyte. The resistance of each cell having been 
carefully measured for this purpose, the requisite amount of coppar 
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■total 
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is first wound on the bobbin, and the remainder of tha 
calculated resistance in the cell circuit is made up of platinoid, 
lere is enough fine-wire resistance in the CB.^e of a lO-ampere 
meter to compensate it perfectly between i]\<: tiinits uf 5' and 
25° C, Tliis very complete compen- 
sation for temperature renders the 
meter eminently suitable for tropical 
climates, or for countries where the 
range of temperature is large. The 
curves in fig. 237 show graphically 
le relative values of the resistances 
compensate a particular meter. 
It is customary and necessary with 
lOst meters t« differentiate between 
'the accuracj' at i^th and full load. 
In the present case, the curve of i-egia- 
tration being a perfect straight line, 
the accuracy is the same at all loads. 
demonstrate the fact, tests have 
n made which lasted over a period 
of many months, with currents wliich 
are smaller than any used in electric 
lighting, i.e. with 01 and 005 ampeie. 
That the meter successfully \'iiulieateH 
le efficacy of the means employed to 
ider it accurate, even at these es- 
lordinarily low loads, is shown by 
!, fig. 238. Fig. 239 is the char- 
iteristic curve for ordinary working 
loads. The regular practice in the cali- 
bration of these meters is to pass only 
sucli meters as do not show a greater 

,«Tor than 1 per cent at any load. " Meter wiiu DoLr .imt 

Fig. 240 shows the standard form 

the meter made for 2J- or .5-ampere installations. It is furnished 
'merely with a plain giaduated tube which reads up to 250 units. 
After this quantity has been recorded the meter must be reset. 
In the 10-ampre standard design, by means of the "second 
iai " efioet of the siphon tube, a registration of 1000 units can be 
led before resetting is necessary. Meters, when they are of 
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the motor tj-pe, are usually classified into 2J-, 5-, and lO-ampere 
sizeB, as the starting current and the accuracy at low loads are 
dilferent for ditTerent sizes. But obviously, from the explanations 
given above, the lO-ainpere meter is equally sensitive at all loads, 
and it is, consequently, 
unnecessary to make 
such a subdivision of 
capacities with this 
meter. If placed in a 
•2i-ampere installation 
it possesses the same 
itccin"acy, and has the 
jwlvantago of not re- 
(|uinng to be changed 
should additions to the 
number of lamps take 
place. Figs. 241 and 242 
show the appearance of 
the meter when open 
and closed respectively. 
The employment of 
the standard size is 
further prefei-able on 
account of the lower 
drop in volts at small 
loads. If used on a 
2i-ampere load the drop 
is only '25 volt; if on 
5-ampre, '5 volt; and if 
on full load it is ex- 
jictly 1 volt. 

The now almost uni- 
vei-sal use of the maxi- 
mum-demand system of 
charging confci's great value on a combined iustrument (figs. 243 
and 244), viz. meter and demand indicator. 

Although the drop of pressure in the demand indicator is 
comparatively- small (4 volt at full load in the lO-ampere capacity) 
it is sometimes complained of, and any means of reducing it is 
naturally desirable. 
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rVith thia object in view the meter and indicator ai-e electrically 
■inected up, so that the heating resistance of the latter servea 
kpart ot the shunting resistance for the former, and the loss 
ssure is no greater than with the meter alone. The total 




Fig. Sit. 



> causing the drop of pressure (which is limited to 1 volt) 
made up of the heating coil of the indicator together with an 
Ijustable resistance of platinoid wire similar to that in the ordi- 
irj- type. 

The following additional advantages arc secured by the com- 
oation. It is exceedingly neat, simplifies wiring, and economizoa 
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gfuee in the eoDHQiiKr's instaJUtkm. The combjned iostminati 
haa also the merit of being cheaper than its two components 
farther. 

The meter can be easily adapted for three-wire inatallations, 
where they are carried oat on the plan osoally employed in this 
country, of two distinct two-wire circaits. 

The installation is divided into two approximntely equal 
sections, the neatraj wire being split for this purpose. At the 
point of splitting A, fig. 2-15, 
two low resist&nces, R, and R^ 
are inserted of exactly equal 
value, Ttie electrolytic cell, 
with its compensating resis- 
tance, is connected acroea the 
two farther ends (C and D) of 
these resistances. When Bj is 
e<iual to K. the current through 
the cell will be proportional 
always to the sum of the cur- 
rents C, and Cj in the two 
halves of the installation. 
Thus the total difl'erence of 
potential between c and o is 
C|R[-(-c^,or,whenB, — K.=K, 
it is ^ H (C, -I- c„). Hence the 
current through the cell, and 
therefore ita readings, will be 
exactly proportional to tlie 
sum of the two currents. 
All the working ports are enclosed in a strong cast-iron cose, 
enabling it to wttlistand ordinary external wear and tear. The 
platinoid resistance is run at a very low current denwty, and may 
thus be subjected to a considerable overload, or even a momentary 
short circuit, without damage. Electrically, therefore, its main 
circuit is very permanent. 

The chemical stability of the constituent parts has been 
thoroughly proved by long experience. The electralyte is work- 
ing under the precise conditions which ensure its permanence, i.e. 
in presence of mercury. As it is never exposed to atmospheric 
sfibctfl, no chemical change can occur. The successful working of 
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the meter is thua guaranteed for nn indefinite period without 
repairs or attention. 



■ The Wrig-ht Demand Indicator 

In connection with tlie supply of electrical energy, the employ- 
ment of the so-called Demand Indicator, for determining the price 





to be charged, is now becoming no general that a description of a 
well-known form of indicator is desirable. 

It is obvious that the ordinary Maxinmin Recording Ammeter 
_<»nnot measure the consumer's " maximum demand ". By tliis 
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expression is meant, broadly, the steady load which a < 
has during the time of tnaximum load at tlie central station, 
Small variations that arise through the switehinjr on of extra 
lights for a few moments, or the starting up of a motor, nhonld 
not be recorded. These restrictions at once forbid the use of an 
instantaneous ammeter, and point to the necessity for a recording 
instrument which is sluggish in its action, and unresponsive to 
rapid fluctuations in the consumer's load. 

The Demand Indicator invented by Mr. Arthur Wright, and 
employed in the method of charging that bears his name \ realizes 



I 




this desideratum, and it may be briefly described as an instrument 
for mea.suring the average maximum \'Hlue of the consumer's load 
in lamps, or in amperes, when all accidental inequalities have been 
smootlied out. Figs. 246 and 247 show the genei'al appearance of 
a demand indicator with door closed and open i-espectively. 

In principle the instrument ia practically a differential recording 
thermometer. It consists, as seen in fig. 248, of two bulbs, A and B, 
of approximately the same size, connected by a U-tubc L L tilled 
with a very hygroscopic linuid, and provided with a third tube R 
to which the scale is attached. This special liquid is employed, 
in order that the air in both bulbs may always be kept tree from 
aqueous vapour. The current taken by the installation is carried 
through the heating coil ho wliich is wound on the left-hand 
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hulb and connected to the teiininals tt of the indicator. The 
hciit produced giTidiially causes the air to expand, and to depress 
the column of acid in the U-tuhe l l, with the result that it rises 
in the other limb au<l slowly flows over into the reading-tube r. 
The height to which it finally rises is an indication of the maxi- 
mum strength of the current which has passed thi-ough the coil. 
On account of the employment of the thermal principle, the indi- 
cations are accurate for con- i.cm,i.eihei 
tinuous or alternating currents 
of any periodicity, iiTespective of 
how the instrument was origi- 
nally calibrated. Each scale is 
drawn from actual tests, so that 
slight differences in the size of 
the tubing can be allowed foi'. 

To reset any instrument, all 
that has to be done is to tilt the 
board carrj'ing the tubes alxjut 
the hinged terminals, and to 
allow all the liquid to flow com- 
pletely out of the reading-tube 
into the right-hand bulb. The 
operation, which occupies only a 
few seconds, is precisely similai' 
to that illustrated in fig. 234. 

It is neeea'Mry, just as in 
thermometer- making, to anneal 
the tubes thoroughly, so that the 
various parts may be freed from 

internal stress, which might aflect the calibration. This pi-ocess 
U carefully carried out, and the possibility of secular changes can 
thereby be entirely eliminated. 

The tubes are constructed with a number of traps, b b. in each 
Hinb, to prevent the passage of air from one bulb to the other 
'hiring railway or sea transit. Recently, this arrangement has been 
further perfected, so as to en.sure that no transference of air takes 
place, even when the insti-uments are reset while hot, or while a 
current is passing through them. On a long voyage, or when the 
packing-cases are carelessly handled, the distribution of the air 

f be altered in a few instances, but the instniments can be easily 
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readjuated. It ia therefore always advisable, after transit, to pan 
a cuiTent through them at about quarter load to make sure thit 
they are iu perfect order. 

Wheh it is remembered that the Demaud Indicator meusuiM 

the most important part of the eonsumer's bill, it will be realized 

that a high degi-ee of accuracy haa to Vie obtained, and the utmoBt 

care is paid to this point. The scale ia veiy long and open in 

the working range of the 
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'^ full load down to one-fifth. 
or in the 10-ampere sim 
fi-om 10 to 2 amperes. The 
calibration is not carried 
below this value, as the 
locale contract* somewhtf, 
with a corresponding dimi- 
nution of sensitiveness. This 
is seen in the curve, % 
249. On it is also notice- 
able the great sensitivenesB 
of the ordinary readings. 
The ctii-ve is practically u 
steep, straight line, and 83 j 
there is no discontinuity j 
in the registi-ation, there | 
is freedom from the large i 
percentage error, which ia 
bound to exist, where a 
" i-ecord is made by sudden 
steps. The standard siaes 
are so arranged that, by 
pacity, the same sensitiveneflB 
y load to be measured. 
that the instrnment would Iw 
rature of the sun-ounding air. 
■e subjected in the same degree 
ces this error to a very small 
mometer, it is only the differ- 
two bulbs that is registered. 
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; an instrument of Ruitable ca 
accuracy can be secured for ar 
t first sight, it might appear 
ted by variations in the tempe 
fact, however, that hoik hvlhs ai 
ly change of temperature, redu 
nt Like 'the differential ther 
in temperature between the 
amallness of the error can be 
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which illustrates calibration curves taken at tliree widely divergent ^^^H 
tempei-atures. Except beyond the working range of the scale (i.e. ^^^H 
below fifth load) and for very unuaual variations, the error ia ^^^H 


conditions and at ordinary tt^mperatureH. ^^H 
Reference has been made above to the fundamental importance ^^H 
of the sluggishness of registration, so as to annul the ftfect of ^^H 
accidental increases of load, and to avoid penalizing a consumer, ^^H 
by charging Mui on more than his actual steady maximum load. ^^H 
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Fig. 261.— Time Curve* of Dflmanil inillcstDT 

For an installation of incandescent lamps, the 
instrument is sufficiently slow in its action, but foi 
load, or an arc-lamp load, a greater sluggishness may be 
Tliis is obtained by accentuating the characteristic sk 
of the instrument, which, of coui-se, depends on the sp< 
of the coil, the gloss bulb, and the enclosed air. An 
cylinder of iron is placed between the coil and the 
its extra capacity for heat causes the instrument to 
slowly as may be required. Five curves, showing th 
way in which the reading is ultimately arrived at, are 
fig. 251. 

There is a peculiar and valuable property in th 
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sluggishness, which cannot be obtained by the employment o( any 
other pnnciple. After a current has passed for some time and ia 
stopped, the instrument gets ([uite cold, and a subsequent current 
refinirea the full time interval to heat the parts and to produce 
a steady temperature. There is thus no danger of a cmrent & 
little higher than a former one, but of short duration, causing an 
abnomially high registratiop. 
This is what happens in b- 
strumenta with mechanical 
letardation of the reading; 
and, in practice, it is found 
that all such instrumente are 
little better than instantane- 
ous amuietersL 

Tlie same effect may be 
expressed in other woiila, by 
saying that the sluggisbsceH 
of the instrument always goea 
back to zero. 

The method of connecting 
up the demand indicator in 
two-wb'e installations is, sim- 
ply, to insert it in either of 
the main leads, at some snit- 
able spot close to the meter. 
The direction of the current 
is immaterial. 

The indicatora are made 
in various sizes up to 1000 
ampei-es. The range in each 
size is fivefold, or, in other words, the lowest reading marked on 
the scale is one-fifth of the full load. 

The two-wire indicators are all of the same construction up 
to 35 amperes, except for the difierence in the heating coils. 
Beyond this size their curre-nt-cariying parts are made propor- 
tionately heavier, or they may be shunted. Above 100 amperes 
capacity the shunted type is invariably used, and is illustrated 
in fig. 252. 

The drop of pi-essure in any instrument is very small, and, 
for sizes above 10 amperes, it can be ignored. This is doe to 




Fig, 2S2.— Shunted Typi 
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the fact that each size requires, practically, the same amount of 
lii^t energy to give a full reading, and, consequently, the drop 
ill volts is less, the larger the capacity. 

The subjoined table gives fiJl particulars of these ^'alues for 
all capacities: — 

^TOiui current in the heating coil and its fusing current. Sometimes 
it happens, however, with indicator of 3 and 5 amperes capacity, 
in the case of a bad short-cii'cuit on 230 volts, that an illustration 
is given of the phenomenon of sevei'al fuses blowing simultaneously, 
and the indicator strip will melt, as well as the protecting fuse, 
if this is too heavy. 

This danger is now guarded against by the use of a metal 
of great mechanical strength and very high specific resistance. 
which allows the strips to be made of almost twice the cross 
KtioQ of platinoid for the same drop. 
The table of safe carrying currents is given below; — 



FnULMdCapultr- Drop 


UPttULcMd. 


ATongeBMrEjUud. 


.1 Aiii(». 


1 Volt. 


6 WNtW. 


10 „ 


5 ,. 


5 ., 


15 „ 


46 „ 




25 „ 




7 


35 „ 


25 „ 


» .. 


50 „ 


18 „ 


a 


75 „ 


15 „ 


10 „ 


uc „ 


1» ,. 


13 „ 



\ 



IToniuI ruU Uwl 

AmpePM. 


Solder HalU witli 


Strip li«oni« Ked Brri- ir...u-i -i.h 
Hoi wim 1 ^"^P '"-' "™ 


10 
15 


11 AlU|)B. 

17 „ 
30 „ 

46 „ 


11-5 Amps. 

IS 

32 

53 „ 


22 Amps. 
37 „ 

86 „ 



In measuring the maximum demand of a three-wire installation, 
it is incorrect to use two separate indicators and to add their 
readings. Such a pi-ocedui-e is applicable to integrating meters, 
but where the demand of the two sides together (when this is 
A maximum) has to be measured, some other arrangement must 
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be adopted. For thia purpose Mr. J. R. Dick has designed in 
instniment, which measures the tnaxinium demand of a three-wa 
installation as accurately as that of a two-wire. The principle 
of this is indicate<l in tig. 253. 

It is obviously unfair to charge a consumer on anything bot his 



0^ 




true demand, as it is entirely for the convenience of the i 
Station that his installation is connected on the three wires. 

It win be seen that the method is to divide the neutral wire, 
and U) insert two eijual resistances R, R., in the branches, across the 
ends of which the indicator strip is connected. The I'esistancea 
are of very small amount, and the total drop is less than with 
the fonner two-wire arrangement. 

Referring to the accompanying figure 253, where c, and Cj an 
the curreute on negative and positive sides, A the current throi]|[ti 
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indicator sti-ip o£ i-esistance ?•; c^, c„ the currents in the 
knches each of the same reaistjiuce R- 



R(.J, - 


A + 


C, - A) = 


Mo, 4 


cvt- 


2ab = 






..^E) 



That is, A, or the reading on the demand indicator, is alway 
ictiy proportional to the sum of the positive and neyativi 
■renta This, of course, holds good for maxi- 
ini valuea of these cuiTcntw, which is what 
s desired to measure. 

In addition to the gain in accuracy, consider- 
le economy is effected by the employment of 
three-wire instrument in place of two single 
icators. 

They ai-e made in the same sizes aa the tw{)- 
wire type. Fig. 254 ahowa one of theae three- 
wire indicators with door removed. 

The demand indicator is, of course, equally 
accurate on alternating or continuous current. 
It is interesting to note that, tlie capital charges 
being almost all independent of the power factor, 
the value of the cun-ent in amperes is the true 
criterion of the proportionate amount of the con- 
sumer's standing charges, and not his demand in 
tnie watts. 

This will be clear when it is reraembei-ed 
that the main.i and all the plant, with the 
esception of boilers, are designed for a given 
output in amperes, and tlierefore all customers should pay in 
proportion to their demand in amperes. 

For the measurement of heavy alternating currents, we find 
that many engineers prefer to use a transforming device instead 
of a shunt, on accoimt of the small amount of energy required, 
of the facility with which the calibi'ation can be made. 

is only necessaiy to test a small capacity indicator, and to 
jate with it a transformer of a known ratio. 
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perfad *"^— - b U w wa . tb* two liita of a three- 
wirtc jyitem . A special 
book BiM* be kept in 
vUcb tbe 

llMy 
an^ farther arrmngcd into 
! with 
T of tbeir load& 
The 9inn of the dfiuandfi 
of ?acfa class, cooneeted 
oo the positive side, must 
eqoal that of the same 
daas on the Degati%'e side. 
The [K'opcr polarity of vticb 
Dew custoiDer con then 
readily be determined. As 
the actoal demands differ 
widifly from the counected 
loads, the readings of the 
inilicators famisli the only 
loeaos of avoiding bad regu- 
latioD of pressure due to 
want of balance, and, in 
scattered area* or on long 
distribution cables, their 
use is extremely valuable. 
When one or more transformers are installed in a sub-atation. 
it is always dLwirable to measure the niftxiuium output of each, 
BO BH to prt'vtnt the jwasibility of overload. For this purpose, 
it is convenient to have a Demand Indicator connected in series 
with each tmn-sfotmer. Its readings will show when the load 
is approaching the hiuit of safety, and when a greater capacity 
must be inHtjilled. 

', may either be of the shunted 
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former type on the low-tension side, or a smaller one may be 
p laced on the earthed conductor of the high-tension system. 
^L In many cases, also, the determination o£ the maximum load 
^Hn a feeder, or distributor, is of great importance, as thereby ex- 
^BBfiaive losses of pressure can be guarded against. For this piu-pose 
^Hbe Demand Indicator can be readily adapted. 

^H A function of an analogou.s kind is fultilled by the indicator, 
BWhen placed in series with a motor used for workshop driving. 
The readings afford information as to whether the motor is over- 
loaded, or whether a smaller motor would do the same duty with, 
naturally, a greater economy. By using a combined instrument, 
the cost of the power taken by each shaft or machine can also be 
Liieasui-ed. The extra outlay is well repaid by the data obtained 
^Kftigarding the working of each motor. 

^h Various methods are adopted for charging customers having 
^K demand for power iluiing daylight hours only. The common 
^^Bin of these methods is to charge as low a price to this highly 
^fvofitable class as can consistently be done. Some engineers argue 
^^pat, because, in general, this kind of load is practically over before 
^^pe lighting begins, a much lower initial price may usually be 
^^marged. In other words, they consider that the main jmrt of tha 
^Htonding charges is paid for by the lighting consumers, the day- 
^Bser being treated as the purchaser of a by-product, and debited 
^^bith only a small propoition of the standing charges of the plant, 
^^Hiich is requii'fid in the evening for the lighting consumer. 
^H This method is not so sound us to sell all electricity, for what- 
^Brer purpose required, on the same tariff. 

^H The latter is an embodiment of the principle that alt consumers 
^^Rmtribute to the peak, the sum of the demands being modified 
^Hgr the value of the diversity factor. But, if the consumer with a 
^Bpie day load never encroaches on the peak, he should be supplied 
^■t the lower rate, without paying any part whatever of the stand- 
^Hig charges. 

^H The demand indicator, together with a cut-out switch, affords 
^^B perfect means of diflerentiating such a load from that which ia 
^^bbject to the burden of the standing charges, and the arrangement 
^Ha shown in fig. 25ti. 

^K lu the diagram it will be seen that the action of the time 
^Hiritch. which is driven by a self-winding electiic clock, is to put 
^^■e demand indicator in circuit only duiiug peak hours, i.e. from 
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sunset to 10 p.in. The awitch closes the contacts A A doinig 
the above hours, thus causing the demaad to be recorded. Dnruv 
the day, it closea the contacts B B, thereby cutting out the demand 
indicator. 

The addition of the cut-out switch does away with the only 




Fig. we.—OmneMuxu at Time SviiUh and Demuul Indicator (or Dtj U«d« 



valid objection which has hitherto lieen raised against the " Wright" 
method of charging, i.e. its ineffective dejiHog with the ti-ae day- 
load. 

The Siemens Electricity Supply Meter 
(For Continuous Currents) 

This instrument, made by Messrs. Siemens Brtra. & Co. of 
London, belongs to the class of periodic integrating electricity 
meters, in which a form of clock is used in conjunction with the 
rest of the mechanism. This type of meter, intended for use vnHk i 
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direct cutrente, can be made in the form of an ampere-hour or watt- 
hour meter, and, with a slight modificatiou, as a time indicator for 
showing the period for wliich an electric plant is in operation. 

The form now under consideration consists of a moving-coil 
instnmient reading amperes or watts direct, in conjunction with 
a registering mechanism driven by electricity, which actuates a 
counting train at intervals of about 3J seconds, and pi-opela it 
by an amount corresponding to the deflection of the ammeter or 
wattmeter. In the 
case of the ampere- 
hour meter, the am- 
meter part of the 
instrument is of the 
usual moving-coil 
porraanent - magnet 
type. In watt- 
meteis, however, the 
lield is produced by 
iiu electro - magnet, 
the coils of which 
are included in the 
volt circuit. 

In this case 
there is a contact, 
worked by the 
clock mechanism, 
which momentarily 
short-circuits the coils of the electro- magnet just before the count- 
ing train is actuated. This is in order that the reading registered 
shall be that corresponding to a point on the rising part of the 
magnetization curve of the iron, .so that errors due to hysteresis, 
which would otherwise occur through readings being taken some- 
times on a rising and sometimes on a falling voltage, are obviated. 

A separate scale and pointer arc provided for the ammeter or 
wattmeter, so that amperes or watts can be read off at any time, 
saving the use of a separate instniment, 

A general view of the meter, with cover removed and part of 
the recording dials cut away to show the interior more plainly, 
in shown in fig. 257, while fig. 258 shows the general appearance 
of an ampere-hour meter of this type with cover on. 




Fig. ifi;.-IliteriL 






UII.AI. MCAMl'RINC IXSTRrMK-NI- 

The clock mechanism 
consists of a heavj' W- 
ance-wheel K. phown in 
the iiiid-Bwing position in 
tig. 257. delicately pcHsed 
on the ImII - bearingB. 
This receives occasioiul 
iiiipuUes fi-om an eliwtro- 
iiiiigni't M connected with 
tlie volt circuit, and wliicli 
will maintain a constaut 
speed in spite of large 
variations of voltage, 
amounting to as much 
tM«i«r *** ^^ P^*^ cent in either 

direction. 
a shoulder V, which bears against 
the wheel to swing on aft«r the 
arm B has come against the 
atop, which prevents it carry- 
ing the pointer back beyond 
zero. 

A is rigidly connected to B, 

the whole system beiiie pivoted 

inumti Miiunu) lu Two^wire Circuit conceutncaily With the baUnce- 

wheel R. 

The counting train is worked by a disc z, with a serrated edge, 

;r which is a small spring continually moving backwardti and 

forwards, driven by Uie bal- 




The Imlance- 
the ,ii-in IS. Th. 



rheel li p 
spring F allows 





^M propel it through an angle corresponding to the deflection of the 

^^ pointer. At the same time the pointer is carried back to zero, 

^^ where the disc is freed again. These operations are carried 



ance-wheel; while moving in 
one direction this spring just 
does not touch the disc: hut 
at some point in its return 
jouniey meets a projection on 
the pointer of the ammeter 
(or wattmeter), which causes 
it to engage with the dis( 
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at every swing of the balance, so that readings are taken every 

3J seconfia anil added up by the counting mechamaiii. We can 

see at a glance that the clock is working properly by tlie motion 

of the pointer, which moves to and fro between the zero and the 

reading eonesponding to the 

amperes or watts flowing in 

the circuit. These meters can 

be affixed to any wail, and do 

not requii-e to be levelled up, 

nor will they be ntfected by 

vibration. 

Cp to 100 amperes, the 
low - resistance sbuntA used 

with tliese meters are placed inside the case;, but, for higher cur- 
rents, the meter ia connected to an outside shunt by small leads. 
In this connection it may be noted that leads having the same 
resistance as those used in 
the calibration must be em- 
ployed, otherwise an error 
^ill result. 

^h A separate high resis- 
Hbce is provided for meters 
Tb be employed on circuits 
of 250 volts and up wan Is, 

Fig. 259 shows the dia- 
gram of connections in the 
ease of ampere-hour meters 

intended for use on two-wire system with shunts, and tig. 260 
indicates them when an outside shunt ia used. 

In the case of meters on the tiiree-wire system, fig. 261 shows 
the connections for an instrument with self-contained shunts, and 
fig. 262 with outside ones. 

It will, of course, be noticed that the meter is connected in the 
outers. 




Three- wire CIki 
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Kelvin's Electricity Supply Meter 



This meter, made by Messrs. Kelvin & James White of Glasgow, 
belongs to the class of periodic integvatiivj electrical instruments, 
is an energy meter, measuring the energy in Boaid of Trade 
juite, which are absorbed in any given circuit. The original form 
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of the meter ia sho' 
clock, arrnngH in ci 

record, at fH.Tiui!ic i 



n in fig. 263. It coDsistod of a self-winding 

nbination with an electi-o-maf^etic system to 

:i_iviils, the vertical displacemeotd of a smalt 

rod, these displacements being 

exactly proportional to the 

current passing throuj^h the 

tin solenoid to the lamps. 

Considerable improvements 




(]>rewiit|«M«m} 



have recently been made on the original form, principally in the 
driving meclianisin, and these impi-ovements have greatly simpli- 
fied the construction of the meter. 

Fig. 264 shows the internal view, with cover completely re- 
moved. 

The electrical oart consists of a mcun solenoid, which ( 
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the current to Ik measured. Into this is eDtered a long thin 
plunger of very soft iron suspended from a specially - prepared 
spiral spring. The upper end of this spring is supported on o 
end of the befim of a small balance, which is adjusted in connection 
with the spring, to allow the pliinger to be pulkd down by an 
amount ainiOf*t exactly proportional to the curi-ent pa.ssing in the 





^^^L LIlL KvIiifilbJ "£< OM— '\<:iviii nivivraiivr i»*uijiiiliuij 

HBftin solenoid. The plunger is guided at the top aud bottom so 
^Hial it passes between two flat rollers. One of these is geared to 
the recording dials, and the other is on the end of a lever. At 
periodic intervals of about one minute this lever is moved by a 
revolving cam, causing the plunger to be pressed against the two 
tollcra Immediately following this motion, a lifter acted on by 
a urank Iwgins to rise, lifting the plunger to ita zero position, and 
making a i-ecord on the counter in proportion to the cuirent passing 
in the coil. The zero position of the plunger is adjusted so that 
Hie lifting-bar touclie» a fixed stop and the disc on the plunger at 
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^Btbc samo time. The driving niechaiiism is exceedingly simple. «o^ 
^HbDtirt-ly automatic in its Hction. It consistH of a drum and scap^' 
^^whwl on tiie same »pindle, which ia made to revolve by means t>' 
^^ & MnittU cylindrical iron weight. This weight is connected to a—* 
arm carrying an eccentric quadrant of steel, which grips again^^t 
the drum when the weight ia going down. When the weight h^ 
Pfallen to nearly the bottom of its range, it presses down a contac i 

inding a cuiTent through a solenoid into which the upper eiL ^ri 
■of the weight is entered, causing the weight to be i-aised an_-«l 
fbreaking the contact again. The speed of rotation is regulat^^W 
Why means of a pendulum, and is quite uniform and independeci^t 
Jof tho current passing in the main coil. 

Fig. 2t)5 illustrates the meter with main cover in position, biza»t 
■with the inspection lid removed, and fig, 2B6 shows the met«r conm- 
Iplettily covered in anti ready for fixing in position. 



The Electrical Co.'s Electricity Meter ^H 

(Fop Direct Currents only) ^^ 

Tliis is essentially an energy (watt -hour) meter and not ' 

Vquantity (ampere-Iiour) one, and will only worli with eontinuou. — ^ 

irreiits. It is applicable for use on two- and thi-ee-wire circuit:::^^* 

Kiegistering tlie energy consumed direct in Boai-d of Trade unit::;;;^^ 

Ul energy motor meters have the one principle in cominon, cr:^* 

^measuring and integrating the number of revolutions of a movahl^^^*" 

lahunt coil, opposed in effect to that of the main-series windings c^^^ 

' the meter, and rotating with an angular velocity proportional to tl*:^"^ 

main and shinit curi-ents. The chief difficulty is in conducting th*^'^* 

current to the moving parts of the instrument. Hitherto this h; 

been etil'cted by tho use of commutators and bruehes which rub o'- 

them, thus introducing frictional resistances of a variable natiu-ai 

After a time tho rubbing surfaces, however weil made, becom j 

I mechanically and chemically acted on by dust and damp, thu. i 

ifiecting the accuracy of the meter. 

The meter is of the oscillating tj-pe, i.e. the shunt coil does nor 
^tate, >iut swings backwards and foi-wards between fixed positions- 
1 the magnetic field of the main-current coil. The advantage o*^ 
llis arrangement consists essentially in the fact that the current^^ 
' 9 conducted to the moving system without nibbing parts by""^ 
a of two fine metal threads, and tliat it dispenses with ln-ushe» 
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md commutators, necessai-y adjuncts o£ tnoUir meters with a rotat- 
ag sy ate III. 

The meter, which ia known as the "Small T>-pe" oscillating 
meter, ia made up of two parts, electrically but not meclianically 
jonnectefl. The first ia the meter proper (fig. 267), and consists o£ 
she iimir - juri'ent coil H, in front of which ia the vertical spiadle a 
larrying the moving system. The spiudle not only carries the 
shunt coil s, but also the 
contact arm K which reverses 
the direction of rotation of 
the moving system by means 
of the two contact pins K^ 
and Kj, these latter further 
limiting the extent of the 
swing on either side. 





The current is led to the moving coil from below, as already 
pointed out, by means of two flue metal thi-etids F, of such a length 
as to render their torsion practically negligible. The work done ia 
the meter is consumed by the brake magnet M, 

The second part (fig. 26S) consists of a " relay " in connection 
■with a counting mechanism. The relay has two electro-magnets 
Ei and Ej bL'tween which swings the pivoted armature It, the extent 
of the swing being, as before, limited by the contacts c, and c^ 
The motion is transmitted from the relay to the counting mechan- 

i through the pawl 3 and ratchet-wheel r. The figures of the 
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connting mechanism spring into position, and, being arranged in 
otic single i-ow, the energy consumption can be read off direct in 
Board of Trade units (the meter constant being unity), so that the 
consumer can tell at a glance the amount he owes the supply 

company. 

The action o£ tlie meter 

is represented diagram- 

matieally in flga. 269 to 

272, and is as follows;— 
The armature of the 

relay is always resting 

against one or other of 

the c-ontacte c,. c„. In fig. 

269 the contact ia shown 

"n c^; and, in consequencf 

*he moving coil s is in 

parallel with the resistance 

^s- The direction of the 

Current in the coil s in 

this case is such that the ^. 

^t»il, and with it the con- 

^■^^et arm k, move towards the contact pin k^. On impinging on 

'''^e latter the electro- magnet Eg of the relay is short-circuited 

' •'e;. 270), so that the armature of the relay i.s attracted by the 

electro- magnet E| (fig. 271). The coil s is now in parallel with 
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the other resistance W,, and the direction of the current i 
Veversed. 

The moving system will now execute a backward swing until K 
touches K„ when the same cycle of operations will be repeated, so 
that between the moving system and relay there exists a constant 
interaction, resulting in an "oscillating" motion instead of A 
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"rotating" one. As the shunt circuit is never interrupted, bu 
only parts of it are short-circuited, no sparking at the contACt 
can possibly take place, with the resultant elimination of wear, a 
that the reliability and accuracy of the meter remain unimM 
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The internal view of this " Small 
'ype" direct -current oscillating meter, 
^hich is made for currents up to 10 
mperes and voltages up to 500 volts. 
t shown in fig. 273 with cover removed. 
'he accuracy of its indication is in no 
I'ay affected by variationa of voltage, 
nd these metei-s are free from idle run- 
ling on open lamp circuit, even with a 
!0-per-cent increase in voltage. On the 
ither liand. they will start with 1 per 
ent of their maxinmm load. 

The shunt loss is constant through- 
put, and is about 12 watt per 100 volts, 
he loss in the main-series coils at fall 
oad never exceeding 8 watts. 

The accuracy of the meter is shown 
ly the error curve (fig. 274). 

In the direct - current oscillating 
neters for higher currents, and for use 
m three-wire as well as two-wire cir- < 
:uits, a slight alteration is made to the ^ 
iliunt and series coils, the latter now ^ 
jeing in two equal parts, as shown by (? 
,he thick wavy line in figs. 275 to 278. T 

The shunt coil consints of two 
jarts, equal but oppositely wound, 1 
^ach carrying a contact ai'm which, R 
n conjunction with stops, limits the 
jxtent of the swing. 

The transition from rotation to oscil- 
ation is as follows: — Only one of the 
jwo windings of the moving coil is in 
;ircuit at one time. Starting from one 
istreme position, we have the winding 
tt this end in circuit and the other 
ihort- circuited on itself. The moving 
Kiil gets repelled by the main coils and 
iwingH towai-ds tlie other extreme posi- 




^on, and throughout this Imlf 
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oscillation remains operative, the other coil remaining sliort-cir- 
cuited. At the end of the swing tbe first winding gets short- 
cireuited and the other becomes operative. 

The short-circuiting and opening of the windings is effected by 
means of the al>ove- mentioned contact arrangement in connection 
with another actuated by a relay. The coil now executes a back- 
ward swing, the same conrlitiom 
prevailing, but interchangtyl on re- 
gards the windings. 

The cycle of changes is shown m 
the accompanying diagrams. Figi 
275 and 277 give the extreme posi- 
tions to the left and right napec- 
tively. Fig. 276 is the central poHitifa 
with the coil in the middle of its 
forward swing, from left to right. 
Hud fig. 278 is the central poaition 
with the coil in the middle of its 
backward swing, from riglit to left 
Three fine metal threads condacl 
the current to the moving system, 
and are made of sufficient length to 
render their torsion negligibli-. Two 
are for leading the current to the 
■windings, and the third acts an a 
common return. 

THl' counting mechanism is con- 
onciiiitiuBThree-wirEMBwr trolled by a relay, consistmg oi two 

electro- magnets and two mechani- 
cally connected, but magnetically insulated armatures, which swing 
backwards and forwards between the electro-niagneta. Tlie arma- 
tures carry a pawl engaging a ratchet-wlieel, and causing it lu 
advance through one tooth in one complete oscillation. The wind- 
ings of the relay are in series with the shunt coil and resistances. 
The moving coil, as will be seen, is independent of the work 
expended in driving the counting mechanism, and is further in- 
depeudent of extraneous efiects, the readings of the met«r being 
quite as accurate for small as for large loads. 

The meters can be overloaded 20 per cent without injury 
or undue heating, and they will stand a momentaj^ overk»4-D^ 
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iO per cent {e.g. when arc lamps or motors are switclied into 
:ircuit). 

These meters i-ead accurately to within 2 to 3 per cent, from 
i per cent of full load up to full load. 

Fig. 27!) shows the curve of error of one of them, from which 
t will be observed that the maximum error occurs at one-tfinth full 
oad, and above it up to ___ 

me-half full load the error 
liioinishes, and vanishes 
n this region of the scale. 
Tor loads exceeding 50 
)er cent of the maximum 
t becomes negative, and 
ittains a maxiuium of 
ilxjut 2 per cent. 

Fig, 280 shows the 
nternal view with cover 
emoved of a three-wire 
neter for currents of 30 
unperes in each outer main. 
[t is mounted on a larger 
mse, with special terminal 
jlocks for testing. 

Fig. 281 shows the 
general outside appearance 
af these meters unmounted 

any special base. If 

l^ the true line current 

»ure of V volta 

^tneter makes N 

[seconds. Then 

t speed constant stamped on the meter cover, ie. the 

swings per minute per 1000 watts, 

ting per minute corresponds to — — watts, and 

, 60,000 N .. 
;e to watts. 

'"' "'' lift] N ^ ^^' '^ ^^^ meter is registering 
tly. But if this = 98 or 101, the meter reads 2 per cent too 
tnd 1 per cent too high respectively. 
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The Ferranll Electricity Meter 



attunedi 



This is one of the oWest of the meters which have attuned 
commercial success, the first experiments in connection with its 
pi-oduction dutinv back as fur as 1883. 

Though the principle on which it works can be apphed to boti 
direct and a)t«mating currents, the direct-current form is the one 
used most extensively at 
the present day. The alter- 
nating-current form is little 
used, owing to diSicultiea in 
the construction and to the 
somewhat complex relation 
that exists between current 
and driving torque. 

It is a quantity or cou- 
lomb motor meter, but in 
common with all similar 
meters of this class it can 
be gi-oduated in Board of 
Trade units when used on a 
constant-potential cii-cuit 

ita action depends on 
the principle in electro-dy- 
namics, that u-hen a current 
of electricity flows radially in a flat circular ti-ough, containing 
a conducting liquid placed in a magnetic field, which passes per- 
pendicularly throuf^h its flat surface, the liquid will rotate. The 
rate of i-otation will depend on the strength of the current and 
of the magnetic field, as well as on the controlling force. 

Fig. 282 shows the meter in sectional front elevation, from 
which the very simple construction will be i-eadily tmderstood. I' 
consists of a main solenoid or coil m carrying the main current, ana 
surrounding a central soft-iron circular coi-e, which ia in two parW 
■with a nan-ow air-gap separating them. The coil m, with its split 
core, is enclosed concentrically in a cylindrical cost-steel box, whicw 
not only serves as a containing - case, but also forms a clos«i 
magnetic circuit, with the core for the lines of force to flow ia 
In the narrow air-gap in the core between the two magnetic 
poles of opposite polarity thus formed is placed an insulated trough 
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of mercury T. This trough did, in the earlier stages of the meter, 
give a good deal of trouble, as the centre and circular side had 
to be of metal, and the top and bottom of non-conducting material. 

The Ride used to be made of copper or brass, nickel -plated, but 
as nickel-plating is porous, the mercury soaked through it and ate 
away the brass or copper at the back, fonning an amalgam. 

It has now been replaced by a steel ring, made sufficiently thin 
not to short-circuit the air-gap and thus divert a great many of 
the lines which should pass through the trough t. Actually, how- 
ever, this side of magnetic material does divert a small portion o£ 
the field, which would otherwise pass through the mercury and | 
be usefully employed in moving the mercury in the meter. But 
practically the loss of the little energy represented by this is more 
than compensated for by the great gain in durability. The current 
euters the mercury at the centre, which is one terminal of the 
trough, flows through it radially, and out at the rim, which is the 
other terminal. The motion of rotation of the mercury wliich 
results ia conveyed to the recording train of wheels by means of 
a small fan-float F iiumei-sed in the mercury and carried round 
by it, and mounted on a vertical spindle s, which gears into the 
driving-wheel of the train. 

This fan has not only to record accurately the speed of the 
mercury, but at the same time has to offer very little attraction to 
the side of the bath, due to the surface tension in mercury. The 
present form is the result of a series of modifications, and appears 
to meet every requirement. It consists of a fan, which is made up 
of two blades of aluminium and two of platinum, and in some 
cases of four blades of non-magnetic steel. These are so arranged 
that the weight which prevents the fan and spindle from floating 
up is partly in the mercury and partly in the air. 

By carefully deciding these weights the fan and spindle cause 
no weight on the jewel when the meter is at work, which is of 
vital importance in getting the meter to start at small currents, 
and to avoid wearing the pivots and jewels. 

In the case of the direct-current form of this meter, the magnets 
are energized by the current to a moderate extent, and thus the 
magnetization is very nearly proportional to the cuiTent. In order, 
therefore, to counteract the small initial statical friction of the 
meter and get it to start registering with small currents, a fine- 
■e sliunt coil is wound on the central core and connected across 
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the lamp leads. This prodaces an initial and oonstant ma^etiza- 
tirai which is independent of the current dowiog through the 
meter. This must not be confused witli the shunt circoit in energy 
meters, which pla\~s quite a diSTereot part. 

In order to make the speed of rotatiou of the mercury, and 
tiierefore of the faa, a to the current Howiug through it, a retard- 
ing force has to be applied to the mercuij-, otherwise it would run 
away and give incorrect registration. 

To effect this the insulatiot) covering the pole faces, and forming 
the top and bottom of the mercury trough, is serrated with a num- 
ber of radial grooves: the friction of the mercurj- against these 
retards the speed with a force a to the speed. 

But the driving torque is ex to tlie current; therefore, when the 
dri^icg and retardiug forces balance and the meter runs at some 
coQstaut speed we have the speed a to the cnrrent 

The fan spindle is provided with a tiny worm, cut in a special 
machine and gearing into a worm-wheel with 100 teeth slightly at 
an angle. This worm-wheel forms the first of three wheels iu 
a small train »t the back of the meter, which are geared 10 to 1, 
and indexed to form a testing train for calibrating and checking 
the accuracy of the meter. Since to calibrate on the front dials not 
only means time but also a con^derable amount of current, it is 
much easier and cheaper to count the rotations of the fan spindle, 
which is doue on this Ivick train of wheels. 

This train is swung on a centre (concentric with that of the 
worm-wheel) which is sft accurately in relation to the worm; the 
train can then be moved about this ceutre to accommodate the 
gearing of the ratio wheel and piuton without affecting the accu- 
racy of the relative positions of the worm and worm-wheel. 

The ratio pinion and ratio wheel, which are variable, and wliich 
are changed after calibration to make the meter read direct in 
Board of Trade units on the front dial, are titted to the last wheel 
of the small swing back train and the first spindle of the front 

The mercury used is quite pure, and it is of the utmost impor- 
tance to keep it clean and free from dust. It is sent in a bottle 
with the meter when the latter is sent out to any distance. When 
mored alwut in a house the meter should never be tilted more than 
•bout 45 \ 

These Ferranti meters, incloding those tor 300 and 600 amperes. 
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start with about 0*3 of an ampere, and register correctly over , 
almost the entire itmge, the small loads being registered as accu- 
rately as the large ones. And it must be remembered that it is 
usually very difficult to find a meter that will register the small 
^^amounts fully, 

^L The ratio ot wheels now used are as follows: — 
^H The worm makes 100 i-evolutions to 1 of the first wheel, 
^B the first wheel makes 10 „ „ „ second wheel, 

^m the second wheel „ 10 „ „ third wheel, 

^Miaking a total of 10,000 i-evolutions of the spindle. 
~ These three wheels are the same for all sizes of meters. The 
pinion on the staff of the third wheel varies according to the 
constant of the meter, the usual sizes being 6, S, 10, 14, 20, 30, 40, 
50, and 75. 

The fourth or ratio wheel, which gears into this pinion, is 
interchangeable, and varies from 20 to 110. The ratio wheel and 
pillion, and also the number of revolutions of spindle per 10 B.T.U., 
are marked on the back of the train. 

A 25-ampere meter is marked 60,000, for 10,000 x f; = 60,000 
ri;\olutions of spindle = 1 revolution of hand of unit dial = 10 
B.T.U. 

The constant, i.e. the number of revolutions of the spindle per 
ampere per minute for 60,000, would be 10. Thus 10 x 60 = 600 
i-evolutions per ampere hour, ^-gg^ — 6 revolutions per watt hour 
at 100 volts, 6 X 1000 = 6000 revolutions per B.T.U., 6000 x 10 
= 60.000 revolutions per 10 B.T.U. at 100 volts. 

For other voltages the revolutions per ampere per minute are 
proportional; i.e. if the constant for 100 volt* = 10, that for 105 

tl05, and 110 = 110, all dial wheels are at a ratio of 10 to 1. 
This is a coulomb motor meter, made by Messrs, Chamberlain 
d Hookham of Birmingham, and so Ciilibrated, for use on con- 
stant potential circuits, that it reads direct in Board of Tiade unita 
It has been tefore the public since 1887 in various foi-ms. The 
original design involved the use of a commutator, wliile later foi-ma 
required a rather larger starting current. By greatly increasing 
the driving force of the motor and balancing it by a proportionately 
i Foucault brake, thereby diminishing the friction relatively, 
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extent by the latest form now being made, is used to sucli an extcnS 
as to miiko a description of it desirable. By using larger driving 
and t'titardiug forces, disturbing causes of all kinds are i 
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'^Ss important, and the error eurve of the meter from, on an 
^^erage, one-thirtieth full load upwards is practically a straight 
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line. A sectional view of the interior of tliis pattern ia shown in 
fig. 283, and a perspective elevation iu fig. 284, from whicli the 
IpnstructioQ will be clearly understood. Referring to these figures 
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it will be seen that a single bjir magnet A a of tungHten-steel now 
replaces the dozen or bo of straight magnets wliicli were contained 
in the brass tube of the earlier form. B b are plates of soft iron 
continuing the magnetic circuit towards the centre, where it it 
broken by the insertion of a brass piece c. The lines of force past 
downwai-ds through the ii-on bridge-piece DD, being cut by the 
armature N twice, in opposite senses. They also pass upwapi) 
through the brake pole-pieces EE and the upper iron bridge-piece G. 
is the brake-disc; II the correcting coil for fluid friction error; P 
the reduced saturated neck of one of the brake pole-pieces: KK insu- 
lated strips of copper, conducting the current from the terminaleil 
to the mercury cup ll, in which the armature is immersed md 
partially floated. The mercury ia carefully insulated from the 
containing vessel, except the ends of the copper strips K K. The 
armature is slit radially for about one-third of its diameter all 
round, leaving a continuous area of copper in the centre. 

The action of the meter is as follows; — 

Owing to the great length of the magnet a a, an intense field i» 
produced at B D, B D. The current flows across the diameter of Uie 
disc, being almost entirely confined (by the radial slits in the arma- 
ture) to the area beneath the pole-pieceH, which embrace each about 
one-third of the periphery of the disc. The armature thus cuts tiiL» 
field twice, instead of once as in the 1832 pattern. Add to this tlie 
much greater intensity of the field, and also that the ammgenienC 
allows of the pole-pieces being placed farther from the centre, ii 
will easily be understood that the torque ia multiplied from five lo 
seven times. The power of the brake at e e, e e is increased i« tlie 
same proportion, so that the speed of the meter is not increasi-J. 
One other point remains to be noticed, namely, that whereas in tlifi 
former pattern there was an average error of from 20 to 30 per 
cent at full load, which was corrected by some 15 series turns, 
tending to raise the speed as the load increased, in the presfiit 
pattern the error is only 5 per cent, and is con-ected hy about 
3 series turns. The error being so very small, it is possible 
to apply the coiTection with great certainty, and a straight-Uoe 
curve is readily obtained; the total result being that the meter 
is now, both for range and accuracy, far superior to earlier forma. 

It hfl-s, in ailditioii, the followiog advantages: — 

Its mechanical construction is veiy strong, and its performance 
does not depend on delicate workmanship. The latter adviuil 
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due to the powerful pennanent field, which, even at the bottom o£ 
the ninge, supplies ample driving force. It is an extremely simple ■ 
instrument, possessing, as it does, apart from the counting train, but 
one moving part. The weight of thi.s moving part is almost entirely 
carried by the mercury, with the result that the friction on the 
bearings is reduced to a minimum. Lastly, it consumes no current, 
tlie tield being prorliiced by permanent magnets, and coBting nothing 
in energy. The advantage of this featiu-e in practice is obvious. 



I The Hookham Direct-Current Electricity Meter 

The latest pattern of thia meter as now made, and as approved 
by the Board of Ti-ade, is shown in fig. 285, with the door open to 




«how the internal arrangement, and in sectional elevation in fig, 
28C, from which the construction will be easily seen and under- 
,Mood Aa it stands it is suitable for currents of IJ to 10 amperes. 
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meter partly sunk in the antimony block T. This chamber 
filled with mercury to the height shown in tho gauge-glass at til© I 
front. An intense magnetic field is produced between the pole- 
pieces K L by the permanent magnet M. The current to be metered ] 
enters the upper part of the chamber H by means of the conductor j 
O, passes down tlie armature and leaves the chamber by the cou- 
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ictor F, causing the armature to rotate. The brake force of the 

ket«r ia provided by the Foucault currents induced in the revolving I 

lature by the same magnetic field which pi-oduces the driving 

The annature, except at the amalgamated rings where the 

:«nt enters and leaves it, ia protected from action of the mercury 

f being plated with platinum. 

The conductors f and o are connected to the terminals — and 

+ respectively. 
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^H The armature chamber is covered at the top by a cmalir 

^H ebonite cover p. The armature spindle b carries two halaBee 

^H weights Q and r, bo arrarged as to ensure that there is do imdne 

^H pressure on the steel pivot E, and that the armature practically 

^H iloats in the mei'Cuiy. By means of a lifting arran^inent SS tbe 

^H armature spindle can be raised, and the chamber completely cloeed 

^M hy the balance-weight Q pressing finnly against the rubber washer 
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keeps the jewelled bearing 
c from being injured in 
transit. The counting Inun 
is driven by a projection X 
on the armature spindle, 
which engages the wheel r 
of the counting train odm 
in every revolution. 

The meter is enclosed 
in a cast-iron box, to which 
it is fixed by ebonite Iiut- 
tons 1 1, and from which 
it is insulated by ebonite 
blocks. 

Ill order to increase the 
range and aceui-acy of the 
meter, the cui-rent to be 
luoasured passes round tbe 
coil wound upon the iron 
core vv; this coil being 
connected in series with 
the armature. The action 
of this coil is to weaken the fit-Id in which the armature rotate, 
and so reduce the brake force relatively to the driving force as 
the current and speed increase; it thus compeuEiates for the alow 
error at high loads which would otherwise result from the fluid 
friction of the mercury. This object is attained, not by opposing 
or temporarily weakening the permanent magnet, but by diverting 
part of its field from the poles K L to the iron core v. Therefore no 
excessive current passing through the meter, as, for instance, from 
a short circuit, can possibly weaken the permanent magnet. This 
coil is omitted in the smallest sizes of meter. 
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Ettera are required for large current circuits, up to, 
nperea, the special meter is fixed upon a cast-iroa 
lox coutaiuiug terminals and shunts suitable for carrying the 
cun-ents. 

Fig. 287 illustrates a 150-ampere electricity meter mounted on 
its shunt-box, while fig. 288 illustrates the form of meters employed 
with currents of 2000 to 5000 amperes. 

Ample cross-section and radiating surface is allowed with the 
shunt portion, the containing -box being perforated for this pur- 
pose. 

» Ferraris Electricity Supply Meter 

(Fop Single and Polyphase Alternating Currents) 
These meti'rs, supplied by Messrs. SiemeuH Bi-os. & Co., of 
London, are of the induction type, and will only work on alternat- 
ing-current circuits. They have many important features which 
recommend them, amongst . 

which should be noted their 
accuracy, simplicity of con- 
struction, and freedom from 
the etTects of external mag- 
netic fields. A sectional plan 
and elevational drawing of 
one is shown in fig. 289, fi-om 
which the principle of action 

El be undei-stood. 
They consist of a simple 
lOr on the Ferraris prin- 
ciple, combined with an eddy 
cun-ent brake, driving a count- 
ing train direct. 

The moving part consists 
of a light pivoted aluminium 
drum b, surronnding a fixed 
iron core c, acted on by a ro- 
tating magnetic field produced 
by four poles, e e //, surround- 
ing the drnm. Two opposite poles of these, //, are energized by 
the currents to be measured, and the other two, ee.hy a current 
^^nved from the volt current. This has a phase displacement of 
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00 per cent from the main current, produced by a combinftUoa 
of inductances and resistances. 

In the current circuit (except for quite low ranges) a traiu- 
fonncr is used in the same way as with the ammeters, only s 
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t Kr«> n^l^tnd trout Untw to the instrument, as in the can cf 
t HhuiilA r\kr dinet •Cttimil iiiatnuuent& In the volt cireuH • 
iktHS <,\>il is ttwii for Um big^ voltagea. 
'n>K*v w^vn Mv onafl^ed by sbot^ ukd vitwation, and can be 
^^^^ tixed to any wall 
*^ Special tneaos are taked 

to diiBUuUe friction so that 
I Mn, * •fc* nwfcw starts off at 25 

I ptr OBt <d its full cumnti 

l/'^^Y *^ ^^ wiQ noi run idly 

iflV *^ Si «■ Off lamp drcoit. even if 
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Meters for currents above 300 amperes are provided with a 

leparate current transfonuer, and for voltages at and over 550 

* with a separate cliok- 

coil, special connecting 

wires in the present i 

K>t being necessary. 

Fig. 291 shows the con- 
ations of a meter with 
rehoking coil only, and fig. 
292 of one with choking coil 
and current transformer, of 
which A B is the primary 

(and u b the secondary side 
which is connected to the current terminals o6 of the meter. 
For unbalanced polyphase circuits two meters are necessary. 
MI 
Uu 




Elihu Thomson's Electricity Meter 



One of the moat extensively used electricity meters at the pre- 
([Bent time is that devised by Prof. Elihu Thomson, and made by 
Ihe British Thomson- 
Houston Co. of London. ,. - 
It belongs to the class of M ~1 ^**1^^ 
iiotor meters, and mea- 
sures the energy/ given 
to a circuit in whicli it 
l~iB placed. 

The utility of the 

itnmient may be gath- 

' ered from its very wide 

Use in Anierica, and also 

iu this country, the nuni- 

^ berain existence amount- 

^Bbg to several hundred 

^^atoosaiid. 

^B The construction will 
^Bbe understood by a refer- 
^^nce to fig. 293, which shows a part sectional front elevation of a 
Thomson meter. 

The ordinary standard form consists of a peculiarly -constructed 
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electro- motor, ha\-ing no iron in either armature or field-mag- 
nets. 

The armatui-e A, which Ls mounted on a vertical spindle running 
in jewelled centres, is formed of a hollow frame of non-maguetie 
materia). Tiiis is wound with a Ret of coils of fine insulated copper 
wire on the Siemens drum principle, and to the frame is attached 
a silver commutator, carried on the spindle near its upper bt-ariup. 

Two light springs, with silver contact pitsccs, bear upon this 
commutator and constitute the brushes, by which the potential 
current is led ioto and 
out of the moving arma- 
ture A. 

This fine-wire arma- 
ture is in series with a 
non-induetive high resis- 
tance R, earned in tlie 
frame at the back of the 
niet^ir, and is connected 
across the mains, the 
combination constitut- 
ing the voltmeter circuit 
of the meter. The cur- 
rent in this tine-wire 
cii-cuit varies, of course, 
in ilirect proportion to 
the voltage at its extreme 
terminals, i.e. across th» 
mains. 

The tield-magnets F F consist of two coils of thick copper con- 
ductor or wire, one on either side of the armature A. These are 
connected in series with each other, and with one of the niaius of 
the circuit in which the expenditure of energy is to be measured. 
A plumb-line and bob, seen to the right-hand side of figs. 293 and 
294, is provided for levelling the meter when being fixed. 

Now, since the armature a and field-coils f contain no ii-on, the 
magnetic field due to each will be proportional to the currents 
flowing thi-ough them respectively. Therefore, since the fields due 
to a and F always maintain the same positions relatively to one 
another, the torque causing rotation of A, which is a to the product 
^ the field strengths, is oe to the product of the armature and field 
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( tu tlie voltage across the mains, and 



currents. But the former if* c 
the lattw- is the main current. 

,■. driving torque is a volts x amperts ot watts at any inxtant. 
Without, however, some retarding force or brake, other than 
tliat due to the smalt amount of friction caused by the moving 
partfl, the speed of A 
would inci'easc almost in- 
definitely, even though 
tile driving torque re- 
Diained constant. 

Hence, to make the 
speed vary proportion- 
al ly to tbedriving torque, 
'-C to the watts, it will 
"'G necessary to intro- 
duce some resistance to 
the rotation of i, which 
shall increase in direct 
pfoportiou to the speed, 
*'^<J this is done as fol- 
'o^%■s: — On the lower end 
**f the vertical spindle i.s 
"X^^d a thin copper disc 
^. which rotates in the 
*^*nstant magnetic fields 
V ***twceu the poles of two 
BE^ more permanent steel 
^Blk^.gnets M M. 

* Fuueault or eddy currents are thereby induced iu the disc D, 

*'hija creating a drag on the moving armature A. 

Tlie ohniic resistance of the disc remaining constant, it is evident 
*h«t in a constant field, such as that produced by the permanent 
"^'agnets between tho poles of which D rotates, the E.M.F., and 
^'nsequently the induced currents in D, will be a speed. Thus we 
Have:— 

Hetnnliiig forot; oc iii'iiiced (--urreuU » iwrmjineut field 

Tlierefore when the meter runs at constant speed at any instant, tho 

Driviug torcjue = retarding force 
and hence the watts are a speed. 
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In this meter, consequently, the resultant speed is direetJy pro- 
portional to the watts; and if the armature epindle is geared to 
and drives a counting train, the dials of this train can be gradiut*! 
directly in either Boai-d of Trade units, watt hours, or kilowatt 
hours. 

The meter will, of course, obey the same rules as an electro-motor 
or dynamo as regards the direction of rotation, and it will therefore 
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be obvious that, if the currents tlu-ough both armature and 
series coils are reversed simultaneously, the meter will go en 
recording as if nothing had happened, and the only way to revera 
its direction of rotation is to interchange the teiminals of either th« 
armature or main-series coils. 

From these considerations it will bo at once evident that tbe 
meter will work with alternating currents just as well as with 
direct, and this is one oE its most valuable properties. 

As is the case with all motor meters, there is statical mechaniol 
friction of the parts to be overcome at the start, and this must bi 
compensated for in some way or another, in order to cause tbt 
meter to start at small currents. The compensation is generally 
effected by producing an initial field, constant in strength, and 
sufficient to o\'ercoine the mechanical friction at the small currenti 
In the case of the Thomson meter this is obtained by connectioE 




the pressure coil across the mains on the lamp side of the main- 
seriea coils. 

lu this way the constant cuiTent througli the tiue-wire circuit 




9 also through the thick series coils, and piKKluces a constant 
t sufficient to overcome the friction of the moving parts. 




It should, however, not cause the meter to actually start until 
the smallest caiidle-power lamp on the circuit is sivitcliet.1 on, other- 
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wise the meter will record the energy wasted in the pressure urcuit 
with no lamps on. ^^ 
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The meter, which starts with a small current unless out of 
oirtler, absorbs but little energy for this class of meter. The start- 
X]3g current amounts to about 1 per cent of the maximum for which 
titxe meter is intended to register at. 

The Thomson motor meter will record accurately the energy 1 
developed in any alternating-current circuit or any direct-current 




circuit; and its indications are independent of changes in periodi- 
city, power factor, wave fonn. or temperature. It« readings, which 

^wVe direct in Board of Trade units, are proportional throughoafc 

^BHie whole range. 

^H Fig. 294 illustrates one of the meters intended for two-wire 

^^bcuits with its cover removed to show the internal parta. Fig. 

^Hte, the same kind of meter, but for heavy currcnt« imd iiwit^h- 

^Bbard work. 

Aa seen in the figure the main series coils each conoiflt DOW ol 
five turns of massive copper strip coiled op. 
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The connections of the meter, when used on low-pressure two- 
wire circuits, are shown in fig. 296, from which it will he seen that 
the armature in series with the shunt and non-inductive h 
resistance is connected across the mains on the lamp side of the 
series coils, to compensate for the friction, as mentioned on p. £7i 




!d CliculU (two MetcH) 



When the meter is used on a primary or high-pressure circniti 
it is usual to employ a transformer, which reduces the high potential 
of the mains down to about 100 volts ou tlie secondary, and tUs 
supplies the fine-wire circuit of the meter, 

Fig. 297 shows the connections of the arrangement by means 
of which a dangerous difievence of potential between parts of the 
meter is avoided. 

The transformer is one specially designed to ensure a correct 
reading of the meter. Fig. 298 indicates the connections of the 
■ to a three-wire circuit, from which it will be seen that a 
thick-wire coil is placed in series with each outer main, and t 
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fine-wire circuit across one of the sections, i.e. between the middle 
wire or neuti-al and one or other of the outers. The meter, there- 
fore, records on the one set of dials the amount of energy supplied 
to the two sides of the three-wire system. 

In the ca«e of two-phase systems of alternating-current supply, 
two ordinary two-wire meters are used, one meter being connected 
in each phase. The sum of the readings of the two meters gives 
tiie total energy delivered to the circuit. 

Figs. 299 and 300 show the connections for an arc-lamp circuit 
and for total output respectively. 

For the measurement of energy delivered in a balanced three- 
phase system a modification of the oi-dinary meter is employed. 

The current of one leg of the system (fig. 301) passes through 
the cuiTent coil of the meter, while the armature is connected to a 
set of three high resistances. 

The meter shows the total energy delivered in a balanced three- 
phase system to which it is connected, and is equally applicable for 
either power or lighting circuits. 

When the system is an unbalanced one, either two ordinary 
two-wire meters (fig. 302), or one single three-phase met«r may be 
used, the latter being so designed and constructed as to read 
correctly on any kind of three-phase circuit, be it either balanced 
or otherwise. 

The Vulcan Electricity Meter 

This is an energy motor meter similar in principle and con- 
struction to the Thomson metur described on p. 271, and 
therefore a special form of electro -motor having no iron in its 
construction. It measures the energy direct in Board of Trade 
units. The construction will be undei-stood by a reference to 
fig. 303, which is a part sectional elevation of the meter, and also 
to the perspective view shown in fig. 304, which refers to the " B " 
type of this meter supplied by Messrs. (ieipel & Lange of London. 

The meter consists of two field-maguet coils A, wound with thick 
insulated copper conductor to carry the main current. These axe 
fixed side by side, with an air-gap between them, their magnetic 
axes being coUinear and horizontal. 

In between these two main-series coils, and partly enclosed 
by them, is pivoted a fine-wire druin-woimd armature B, mounted 
on a vertical spindle, which at ita lower end rests and rotates on 
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A bans z. fixed to sboot tbe 

luddle of the spindle, curies > 

mtm-semr thread, which gears 

into a worm-wbeel z', driring 

the tnia of recording wheek 

and dials on the right of % 

303. Tbe lower i»rt of Uic 

rertjeal ^undle below z is 

screwed to reoei%'e the lew 

carryiDg a Hglit copper cylinJ*! 

(^ eup C. The sides of this cnp 

rotate between the poles of a 

crowD of horse-shoe-sbaped per- 

niuueiit magnets m, shown Dam- 

bei-ed and more clearly in S^ 

I 304. The cup c con be pre- 

I vented from turning on the 

"" *°^(«^u«wkv«ro«r""* spindle by a clamping set-screff 

I in the boss. 

The block K, in which ie fixed the lower jewelled footstep, 

rcntii on a spring to in a tube a, and is capable of slidiog 

A Net-»crew v' closes the lower end of this tube, and tbe 

ruHtM on it, By screwing up the screwed boss n by men 

QilUod head or locking nut ■m, tbe whole of the j«t 
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armature is raised and clamped in three places to avoid 
image in transit. 

The tubular portion rt is fixed by a set-acrew v to the main 
acket s, which also supports M. 

Four terminals are provided at the bottom, consisting o£ the 
rew with its iiiiiled head w working in a brass block v" encased 

insulating material I. 

The working parta of the meter are enclosed in a dust- and 
oisture- proof case J, provided with a 
Indow opposite the dials of the recording 
lin.and oneopposite the poles M and cyliu- 
r c, for viewing this latter as it rotatea 

A detachable hood z, arrant;ed to facili- 
te the inspection of the commutator 
ithout removing the main case J, is 
unped by the nut W^. 

A sealing cover o is provided, 'wliieh 

finally sealed by the supply company 
ter the moving system has been fi-eed 
' the locking nut m. 

The action of the meter is precisely 
milar to that of the Thomson meter {vide 
273). Hence the speed of the revolving 
mature is directly a to the total energy 
iBorbed in the circuit in which the meter 
placed. 

A compounding coil of fine wire is * neut 

Berted to compensato for the friction of 

B moving parts by producing an initial magnetic field at the 
ild-magnets independent of the main current. 

Thus, only a very small main current, amounting to from ^-^ 
YJnr of the full-load current, is required to give the necessaiy 
ira torque for starting the meter registering. 

The fine-wire wound armature is in series with the compounding 
coil, and a large non-induetive resistance, wound on an insulating 
tube, seen covering the left-hand top comer of the main coils A in 
fig. 303, The connections of the series coils and armature with the 
two- and tliree-wire s^'stems of supply is shown in figs. 305 and 
306, in wliieli abed are the four main terminals of the meter, 
lef difference between them : 
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that both BerieB coils are in seriea with one another scrcH a 
and d, and are also connected in series with one main in two- 
wire metei-s. But in the three-wire fomi, one coil is connectol to 
a and b, the other to c and d; they are then connected in scries 
with the two outer mains, as shown in fig. 306, the armature circuit 
being across one section. 

Matters are so arranged that all Vulcan meters run at 60 
revolutions per minute at full load. Hence, if N are the nnmbtf 




of revolutions of the armature, counted in T seconds, by watchii^ 
the damping cylinder as it rotates with B, and P is the full load 
of the meter in watts, 

.". watts registered by meter, W = p . ^■ 

IE the armature revolves too fast or too slow as found from this 
relation, the speed is adjusted by varying the retarding efl'ect of the 
Foucault brake as follows: — 

Unscrew I on the boss of the brake cyclinder frame, then 
screw the cylinder up the shaft to increase, and doum to decrtam, 
the speed. \Vhen finally adjusted correctly, tighten up i agwn. 
This type of meter, as already mentioned, will register correctly 
on either direct or alternating-current circuits at will. 

The watt consumption of a 100-volt meter at light load is 
2 watts per hour, and at full load 2'025 watts. 

The limits of error at one-fifth load up to full load are less t 
05 per cent, 15 per cent, and 2 per cent, in meters intended i 
_600 watts, 10,000 watts, and 30,000, watta respectively. 
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The stai-ting energy of a 200-ainpere 100-voIt meter, is between 
% and 40 watts. 

The following results were obtained in an exhaustive series of 
testfl made with a vuIcan meter for 100 amperes and at 100 volts. 
Tlinfl, at — 

Full load it reaJ correcllj. 
J „ .. „ .. O'S per cent slow. 

A » o-i „ „ „ 

A „ „ ,. „ 11-9 „ „ ., 



The accuracy, with varying voltage, was as follows: — 

, 0-3 per cent fast, 
nil. 
15'5 per cent too low ; „ 0'2 per ceot alow. 



Voltage, 16 per cent too high : 



The difference in the readings of the meter when running with 
alternating current at periodicities varying from 50 to 120- per 
s*icond was found to be less than 01 per cent, and it was equally 
^^rreet with direct currents. 

The effect of varj'ing power factor on its acciu^cy was as 
.JoUows: — 



AppumlWMlt 


Tn..W.«. 


perccDt. 


Error. p«e«iL 


600 


5(X) 


100 


alow. 


600 


500 


00 


0-2 „ 


625 


500 


ao 


0'3 „ 


716 


500 


711 


0-5 „ 


836 


500 


60 


OS „ 


1000 


500 


50 


1-3 » 


1250 


500 


40 


2-0 „ 



The fall of potential in the main-cmrent coils at full load 

amperes) =0063 volt, and the current in the fine-wire circuit 

fc 55' F. was 00239 ampere at 100 volts. 

The temperature error was O'lOlS per cent per 1" C at tem- 

ratures varj-ing from STS" C. 



The Vulcan Prepayment Electricity Meter. 

This is an adaptation of the ordinary Vulcan watt-hour meter 
JMt described. It consists of two parts: (1) the electricity meter 
proper, which is precisely similar in construction and action to that 



284 



ELECTRICAL MEASLTtlSG ISSTBCMEVTS 



above mentioned; (2) the mechamcal prepayment portioD. Agensr 
view of it is ^hown in fig. 307- 

The operation of the meter is as follows: — A penny is pnl 
into the slot provido'l and a tey turned. This winds np a spring 
a certain amount, and at the same time switches on the cnrreoL 
If there is a load on, tlie meter armature at once starts revohing 
and being connected by means of i 
delicate escapement to the iDechsn- 
ical portion of the meter, it gradu- 
ally releases the spring, and aft«r » 
certain number of revolutions haw 
been made allows the switch to open 
circuit. 

If two pennies in succession an 
put into the meter, then the amoont 
of energj' which can pass through 
ttie instrument before the circuit is 
opened is doubled, and so on witfi 
the succeeding coins. As many aa 
eight coins can be put in at we 
time. A lock is fitted so that no 
more than this number of coins can 
be inserted, and there is therefore no possibility of the meter beiiig 
overwound. 

The total number of coins received is registered, and also the 
number still unused. A till is provided that holds J20 of them, 
and has a separate Healing from that of the main meter case. 




Fig. 307. — Vulcui Pnpaiment Ucb 



m An 

H turing 

^L factory 



The Schallenbergrer Electricity Meter 

It has already been pointed out that the great trouble in the 
genei-ality of motor meters ia the friction of the moving part^ 
which, if not minimized and compensated for, causes irregularities 
in the direct proportion between speed and the thing measured. 
Conseipiently it is an advantage that there should be no rubbing 
contacts in the meter, other than, of course, in the bearings, wludi 
can be minimized, but not entirely eliminated. 

A meter made by the Britisli Westinghouse Electric Manufac- 
turing Co. that fulfils the above requirements in a highly satis- 
factory degree is that introduced by Mr. Schalleuberger k 
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years ago, and which may be aaid to be one of the moat eatis- 
faetory coulomb-motor meters in existence at the present day. 

It is solely for uae with alternating currents, and will not 
work with direct currents. 

The principle on which it works is very similar to that of 
a two-phase alternating-current induction motor, and its con- 
struction is such that there are no rubbing contacts, and no 
electrical connection wJiatever to the moving system. 

The construction will be understood t'l'Oiii a ret'crcnct' to fig. 308, 
which shows a 60-ampere 
Scliallenberger meter with 
cover removed. 

It con.sista of two i-ectan- 
gular flat-shaped coils M, fixed 
Bide by side with a narrow 
gap between them, and their 
niagnetic axes coUinear and 
horizontal. They are wound 
^ith thick copper wire, and 
Connected in series with one 
another across the two ter- 
tninals of the meter, and carry 
tHe entire main single-phase 
alternating current to be re- 
gistered. Inside these two 
3>vi,m.nTy main coils is fixed 
^ similarly -shaped closed coil 
^ of insulated copper wire in two halves, and which may be termed 
the secondary, set with its magnetic axis horizontal, and at an 
**-iigle (in some cases of 45") to that of the main coil M. 

Capable of rotating inside this closed secondary coil c ia a 
Jitfain light metallic disc D, mounted on a vertical spindle running 
k jewelled centres. 

The upper end of this spindle is geared to a train of recording 
nthed wheels and pinions with dials, through a worm and worm- 
'he«l. while the lower end carries a set of four aluminium fan 




Thus, with the exception of a light train of gears, conatitnting 
! recording device of the meter, the only friction in the instru- 
ct is that between the lower pointed end of the vertical steel 
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spindle, whicb b carefully hardeneJ and polished, and the jei 
bearing upon which this rests and turns. 

The spindle, of course, passes up through the narrow gap se^:*'*' 

rating the halves of the main primary and closed secondary coi la 

These sets of coils can be adjusted to any angle between their mat-^- 

netic axes, so as to vary the calibration of the different sizes of mete:" 

The action of the meter is as follows: — 

When an alternating curr^J 
flows through the primary coil 
an alternating magnetic field is cJ 
veloped in its axis. 

At the same time an altematiTig 

current is induced in the secondaj^.j' 

closed copper coil c in the directL' 

of its axis, thereby pi-oducing ^u 

^k alternating magnetic field 

■^^M ^1 ^^^^ angle to the main field. These t'*^'*' 

H^H ^^ ^B ^^^H fields, however, differ in phase, 'i- 

P^^L^^L ^^|_^^^H "°^ attains its maximum strength 

I^H ^y ^^r^^^H before the other; consequently tb^ 

V' '^ |h ^^ ^^^H direction of the maximum effect <>*■ 

^P ^^^H the i-esultant field produced l>y 

^^ these two component fields is c*>o- 

' stantly shifting or moving in a ci*"- 

iiBwr cle. giving what is usually tenoe** 

a rotatory magnetic field. 

But the iron disc D has definite polarity induced in it dw* 

to this i-esultant field, which causes it to start rotating and t*^ 

catch up and revolve in synchronism with the rotatory fiel**- 

Tha driving torque is approximately proportional to the squ*"** 

of the current in the coils M; and the retarding force, which *^ 

produced by the friction between the fan blades A, as they rot*** 

with the spindle, and the air, is propoi'tional to the square of tt^ 

speed. Hence, when the driving and retarding forces balance, t^ I 

speed will vary directly as the current in the piimary coil m. I 

The number of revolutions of the disc d, which is therefo** | 

proportional to the quantity, in ampere liours, which has posse'^ I 

is recorded by the train of wheels un the dials of the meter. I 

The entire revolving system is shown in fig. 309, the disc ^ I 

being seen above the four fan blades on the vertical spindle. I 
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The general outside appearance of the meter is shown in fig, 
310, enclosed in a dust- and moisture-proof metal cover. The 
meter is practically coiTect within eight periods per second ahove 
or below that for which 
it is adjusted, but it is 
always calibrated for the 
periodicity at which it 
has to work. 

While a temporary 
overloati of 50 per cent 
will do no damage to 
the meter, it will not 
»"eaij con^ectly for cur- 
r«!nt3 greater than its 
rate<.t cajjacity. 




I 



To tell the exact 
current flowing at any 

lime. — Note the num- 

^•er of revolutions made 

by the small " tell-tale " 

index on the top of the 

Kiovement, in a number 

•^f seconds equal to the 

instant of the meter. 

The number of revolu- 

^'ons noted will corre- 

**P<Hjd to the number of 

■"itwrea passing through 

'''le meter. For example: the 20-ampere meter constant i 

'f the index makes ten revolutions in 633 seconds, 10 amperes 

'**'e passing through the meter. In order to avoid errors in read- 

">g, it is customary to take the number of revolutions in a longer 

^mie, say 120 seconds; then, as a formula, we liave: 

Nnmlwr of revolutioui x meter coiihUiit _ „|,-..n( 
Number gf secouiia 

If, therefore, the index of a 20-ampere meter makes 19 revolu- 
'iuna in 120 seconds, the current passing is 

— — = lOamiJeres. 
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One importaat advantage in this kind of meter U that ttieie 
are no rubbing contacta, and therefore very little friction. Tbs , 
direct result of this is, that they consume very little energ 



The Westinghouse Electricity Meter 

This is an alternating-current energy meter, recording <lir«l 
in Board of Trade units, and ia of quite modem origin and recent 
invention, being made by the British Westingliouse Electric a 
Manufacturing Co., London. The meter is practically a fonii of 
alternating-current induction motor, in which the primary ciicmtjl 




fixed while the secondary rotates at a rate directly proportional to 
the true power of the primary cireuit. 

Its construction ia extremely simple, and it combines the accu- 
racy of a delicate electrical laboratory instrument with a strong 
and portable mechanical structure. 

The construction of this Westinghouae Integrating Wattmeter, 
as it 113 commonly termed, will be understood from a reference to 
fig. 311, which ahowadiagramatically the principles and connccttons. 
The primary consists of an electro- magnet of the shape showo, 
comprising practically two horse-shoe magnets, the two lower poles 
of which are combined to form one pole, while the two upper pwles 
remain separated by the narrow vertical gap v. Into the horizon- I 
tal gap H, between the lower pole and the two upper ones, projeeta 
a small light disc, which forms the secondary and moving part ( 
of the meter. 

This disc ia carried on a short vertical spindle 
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frelled cetitree, the upper end of it being geared to a train of 
Dording wheels and dials, through a woim and worm-wheeL 
1U8 there are no rotating coils or wires and no rubbing contacts, 
fact no electrical connection whatever to the moving syeteni. 
le windings of the primary cousitit of a series coil, shunt coil, 
id compensjition coils, the aeries coil being wound on the lower 
mbined pole. The shunt is divided into two halves, one being 
Dund on each of the upper poles, and they are connected together 
I as to magnetize the core as a continuous ting, the magnetic 
dd passing across the gap v. The small short circuit coil c is 
t compensate for running friction. The rotation of the disc is 
tarded by a permanent magnet which induces Foucault or eddy 
UTenta in it in the usual way. 

The magnet is carried on slides, by which its position with 
Bpect to the disc can be adjusted. 

The series coil consists of a few turns of thick insulated copper 
ire connected directly in series with one of the mains of the 
rcuit. 

The shunt coil is in series with an indticUve resistance, consist- 
£ of a fine-wire coil wound on an iron core fixed in the base of 
le meter, the object being to secure a phase ditierence between 
le shunt and series currents of the meter, so that a rotatory field 
ay be obtained to rotate the secondarj'. 

As is well known, the phase difference should, if possible, be 
)", and the shunt circuit ia so adjusted to give this as nearly as 
lesihle when the exteiual circuit consists of an ordinary incan- 
iBcent lamp load or other pi-actically non-inductive load. 

The series and shunt cuiTents differing from each other by 

jarly 90°, tlie effect is to produce a shifting magnetic field of 

trying intensity across the horizontal gap H. Taking the effect 

rer a complete period, with the series current at zei-o, the shunt 

irreut is a maximum and the core is monetized as a simple ring, 

le magnetic field passing across the small vertical gap v, whilst 

lere is no flow, or only a very slight leakage, across the gap H. 

B the series current rises in strength and the shunt current 

iminishes, a field is produced between the lower pole-piece 

od one of the upper pole-piecesj the magnetic field is thus 

reBtrict4^ to one side of the gap H. This field rises in intensity 

to reach a maximum when the series and shunt currents are both 

positive and equal in value. From this point the shunt current 
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dwreaNee to zero and the series current reaches its maximam 
puflitivu value, wlieti the flux becomes even between the lower pole 
mill both tlio otliorB, there being a uniform field acnoes gap B sod 
n<i lt(]w aciiHU) gap V. 

As the HurieH curront decreases from its maximum poeitive value, 




m. U«. - hiMW wl 



llw Klmnt cum'ut is rising; trvaa xero to a n^stive value, and t^ 
Uux inndlially sliiflis iJonj: gap n until, when the series and shu^ 
curtvtttM aiv et)UHl tavi o)>t<t,itsit« tn \iilue. the flus is concentn 
lx4wwii tho lower (»»U- ami the other upper one. 

tVuti thb io.uut th«> shunt ns>» to its maximum negative n 
M th<> wHtv* cunvut div« <.k^w-n to aero, ai»d heora there is do fl^ 
UtmUftfa )l. Itui th<i> ct<4\> i» a^in magnetiud as a simple ring by tb^ 
\ nbuul ^»il. tliv tv^al dux pcueiu^ acroes v. 
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H^'his cycle is repeatttd through the other half of the period. 
Be only altera tion being the change in the direction of the 
aiagnetic field, and tlie whole action is continuous and periodic, 
[t mil therefore be seen that the field across gap H clianges from 
sero to a gradually inci-easing flux at one side between the lower 
pole and one of the upper jwles, then spreads evenly over the gap, 




and afterwards concentrating between the lower pole and the other 
upper pole. 

The field shifting repeatedly from one side of the gap to the 
other causes the disc to rotate, operating on the well-known prin- 
Eiple of the induction motor. 

This meter measures the true energy given to the circuit in 
(chich it is placed, under all conditions of inductive and non- 
inductive loa^i ami the Rame principle is easily adaptable for poly- 
I metere, which arc made for two- and three-phase circuits. 
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These also record the true energy given to the circuits under ftQ 
conditions of power factor, and whether the phases are balanced or 
not. 

This feature is particularly important, and is one of the moet 
noteworthy improvements in meter pi-actice exhibited by the 
Westinghouse meter. 

Fig. 312 shows a single-phase meter with counting train, perma- 
nent damping magnet, disc, and cover all removed; and the same 




Fig. Sll.-Int«lot of WeHliigliouse MeWr (couiult'tp) 

meter witli the disc in position, but tho counting train, magnet, and 
cover removed, is shown in fig. 31 3. The meter is enclosed in a dnst- 
and moisture-proof case, sealed by the majcers, who can therefore 
guai*antee its operation. Fuither, the moving parts, being veiy 
light, are not clamped in transit, and the terminals are in a separate 
small enclosed chamber at the top of the meter. This is closed by 
a lid, which can be sealed by the supply company. 

These Westinghouse energy meters commence recoi-ding with 
a load of i of 1 per cent of their rated full-load capacity, and read 
accurately over the entire range. They have an o\'erload capacity 
of 50 per cent above the rated capacity, and read accurately up 
to this degree of overload. 

In all sizes, the moving disc rotates at SO revolutions per 
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ilen running at their rated ftdl load. At othev loads the ape 

is 3! to the load up to the 50 per cent overload, when the tlisc will 

ruo at 75 revolutions per minute. The record of the meter can 

Kthus be checked with a fair degree of accuracy without elaborate 

dibration. 

One very important feature of this meter U the small loss in it. 
n those for 100 to 200 volt circuits the loss in the shunt coil does 




. Single Phase / 



i exceed from 1-25 to 1'5 watts; that in the series coil ol a 

mpere meter at full load does not exceed 05 watt. 

The makers guarantee that the total full load loss in a S-ampere 

ingle-phase meter shall not exceed from 2i to 3 watts. 

Figs. 314 and 315 show the meter complete, with cover removed 

knd cover ou respectively. 

[ The Eleetpieal Co.'s Alternating-Current Electricity Meter 

This IB essentially an enei"gy motor meter for altematjng 
rente only, reading direct in Board of Trade units. It is 
Iplicable to either two- or thi-ee-wire ciixuits, but will not work 
I direct currents. 
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It is really an altemating-current iii- 
duction motor, working on the rotakiry- 
iiittgiietic - field principle. an<l has the 
ailvanlage of simplicity and ligbtnete of 
armature, abaeiice of bnislies or rubbing 
contacts, and the posBibility ot turing ins 
in its construction, thus obtaining luga 
powLir witli less weight. 

In the inotur mister manufactured by 




the Electrical Co. a spe- 
cial form of construc- 
tion has been devised, 
taking every advan- 
tage of the properties 
of the wingle-phase al- 
ternating cuiTent. 

Figs. 316 and 317 
show intitn-nal and cx- 
tfimal views of it. 

The motor is constructed on the principle of Ferraris, and 
the armature is of the short-ciixjuited ijquirrel-cage type, consist- 
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fa single winding in the shape of a beU, and is made of 
copper. 

To produce as light a moving system as possible, and further 
to reduce the bearing friction to a minimum, the iron armature is 
stationary and only the copper bell rotates. 

In thia way the whole weight of the revolving system, bell, 
spindle, and brake disc, is reduced to 00 grains. The disposition of 
the rotating mass is such that, through the Thomson effect, the 




Fig. 8J8,-Iiilerior o( Eleel 
panj'aAltenwtli 
Win QnnilU 




ight is partially counterbalanced and taken off the jewelled 
;, the effective weight on the latter being less than 60 grains, 
By means of a simple device of attaching a light piece of iron 
B to tlie aluminium brake disc, it is impossible for the meter to 
a on the shunt, i.e. on open cireuit, the iron wire being attracted 
f the permanent magnets, 

[ An exact quarter-phase difference between the main and shunt 
rents can be obtained by means of tlie patent non-inductive 
allel resistance to the sliunt, so that the meters register quite as 
sarately with inductive loads as with non-inductive loads. 
The revolutions of the spindle are conveyed through worm 
r to a counting mechanism, and thus continuously integrated. 




il Two- Wire AltennHnB-Cairent 
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ivoliitions can be very easily counted, as a white mark is 
painted on the periphery 
of the aluminium brake 
disc and can be readily 
Been througli a window 
in the cover provided for 
that purpose. 

Fig. 318 shows a two- 
wile meter oE this con- 
struction for currents Dp 
to 400 amperes, and % 
319 a three-wire meter 
for currents up to 75 am- 
porea. The only difer- 
cnce being that in Ha 
former not quite uoe 
complete turn of maaaive 
copper conductor is used 
for tlie series coil, while 
in the latter there are two aeries coils of Bmaller wire suitaUe 
for the smaller currents, these two coils being connected in tbe 
two outer mains of a thne- 
wii-e system. 

The connections and 
coils are diagrammatically 
represented iu figa 320 
and 321 i-espectively for 
these two types of meter 
shown in tigs. 318 aiid 
319. 

These meters read ac- 
curately to within 2 to 3 
]>fr cent from 4 per ceiit 
of full load up to full 
load. Fig. 322 shows the 
error curve of one of these 
alternating-current induc- 
tion motor meters. From 
this it will he observed that the maximum error occurs at -^ full 
load, and amounts to about 2 per cent. Below this, down to 
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and above it, up to ^ full load, the error diniiaisbes and gets lesa ^^M 
and loss, becoming zero at both these limits. Above 30 per cent ^^H 
full load tlie error gradually increases, and reaches at j full load ^^M 
a maximum of nearly 2 per cent. ^^M 

Tliis class of meter is independent of variations in voltage ^^H 
amounting to 20 per cent above or below the normal value. Thia ^^| 
is shown in fig. 323, which is a curve relating voltage and error at ^^H 
constant fi-equency. ^^^| 

Fluctuations of periodicity, such as are ordinarily met with ^^H 
in practice either with inductive or non-inductive loads, have no ^^H 
influence on the accuracy of the meter. ^^H 
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Large fluctuations have, however, and the variation is showi 
the curve, fig. 324, which ccnnecta error and periodicity at cons 
voltage with inductive loads. 

These meters take full account of phase diflerencea betw 
current and voltage in the circuit, and ai-e calibrated on indue 
loads having the usual power factor of 075 commonly met wit 
practice. 

They are designed to stand with impunity a temporary o 
load of six times the normal current, e.g. when motors, &c, 
switched into circuit. 

The losses occurring in the main-series and shunt coils are % 
small for motor meters. The shuat loss is constant, and is 
watts per 100 volts for any meter; the loss in the series coil 
full load never exceeds a maximum of 15 watta. 

The meters do not register on open lamp circuit, i.e. on the sh 

current only, even with 20 per cent increase in volts, but aU tj 

^and ffl^ee start with 1 per cent ot their maximum mted eapacj 
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Fig. 325 shows a sectional elevation of the clamping ilevice 
t»r-ovidecl in all these meters. Tlie moving system is clamped by 
•ixxming the milled-head screw a counter-clockwise to its full 
extent. This operation forces out the 
three pins s, which lift the bell G out of 
the lower jewelled bearing and clamp 

I^^^^'^rff^B the whole moving system against the 

P j "ir|l^~^ ^°P support. The moving system should 

«_^ I 11^^^ -G always be chimped when the meter is 
moved about. 

The instruments register direct in 
Board of Trade units, the numlters spring 
into position and are read oft' one aftei' 





Fig 32e.-B««r<1[nB Onr ot 



Oompmft Ualar 



the other, so that it is almost impossible to make an error in 
reading the record. 

Fig. 326 shows the recording gear detached from the meter. It 
is driven from the motor spindle through worm gearing. 



The Electpical Co.'s Alternating"-Current Electpicity Meter — 
"Small Type" 

The meter, now made for any cuiTent-strength (transformers being 
used above 100 amperes), consists of a rotating disc a (figs. 327 to 329), 
acted on by two magnetic fields differing in phase, which, by a special 
arrangement, produce a comparatively strong turning moment. 
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The fields are 
ranged that ihey Indi 
act on the same porti'Jti 
of the rotating di«, 
their action being inUr- 
dependent. 

The magnetic ctrcnit 
is a closed one. The 
shunt coiU, as well u 
the main coils, are sU 
arranged on one side of 
the rotating disc, aod 
are wound on the thne 
Hmbs of the same mag- 
net yoke E, the ormataR 
B closing the magnetic 
circuit. 

The action of lh« 
meter is as follows:— 

The two shunt mh 
(S| and s^) alone produce 
on open circuit a fairly 
powerfiil torqae as long 
as either the air-gapaL 
and Lo. corresponding to 
the two pressure cmls, 
or the magnetic effect <rf 
the two coils, is difTerenL 
This torque would caoM 
the meter to run idle, 
and therefore haa to it 
compensated for up toi 
certain amount neceaaiy 
to overcome static fri^ 
tion. Tliis can be effectad 
by altering either ti* 
number of turns on ^ 
coils or the alr-gi^ 
and for this purpoee Uw 
latter is adjustable. 
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The main-ctirreiit coil H is wound un the same electro-magnet I 
1 likewise producing a closed ma^etic circuit. Hence there i^ 
I the one hand, an interaction between the magnetic field of the 

i-current coil and the eddy p 

irrents due to the ahunt coils, 
pd on the other an int«r- 
(tion between the maguetic 
pld of the shunt coils and 
1 eddiea due to the main- 
rent coil, resulting in a 
bation of the disc A. 
The field due to the main- 
:«nt coil affects the fields 
'. the shunt coils, weakening 
B one and strengthening the 
iher (fig. 329). The latter pole would with increasing load 
; saturated before the other, disturbing the proportionality. 
I prevent this, a part of the main-current windings is placed 
i this limb (tig 329) to 
mpenaate for the in- 
[uality of the field in 
1 yoke. 
The same effect could 
produced by vavjdng 
shunt coils. This, 
fowever, as pointed out 
(ove, would cau.se the 
leter to run idle. 
With this ari-angenient 
the limbs can-j*ing 
shunt coils become 
Lturated simultaneously. 
The rotation of the 
: A is directly propoitional to the product of the voltage and 

The instrument is, thevefoie, a watt-hour metei'. 
Figs. 331 and 332 show the intenor and exterior views of the 
leter. 

The revolutions of the disc are conveyed to the counting 

mechanism through worm gearing, and so continuously integrat«d. 

The i-eading follows direct in B.O.T. units from the counting 
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mechanism, the figures of which spring into position, so that lis 
consumer cau tell at a glaiice how many units he ha« consiuiied, U 
what he has to pay iia 
— "T supply company. 

The moving system o! 
the meter only weight 
aVx)iit 30 grains, bo that 
there is practie&lly no 
wear at tlie bearing and 
pivota 

The cur\-e, fig. 333. 
shows the accuracy oE the 
mekT for the whole range 
of the meter. I.e. from 4 
per cent up to full loaJ. 
Sucli variations in 
voltage and penodieify a« 
usually occur in practice 
are without effect on the 
— i. above eiTor curve. 

The meters do not run 
idle on open lauip circuit 
On the other hand, the 
instruments readily stut 
witli 1 per cent of their maximum capacity. 

The shunt loss in the meter ia constant and is 1 watt per 
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Fig. 333. -Kmir Loiii Carre of ElMtricBl OompsNT 1 " Smill Type ■■ A-c Met™ 

100 volts, whereas in the main coil the loss at full load nevw 
exceeda IJ watts. 

Tlie meter ia made for voltages up to 250 volta, and for curreatti 
up to 100 amperes, hut for higher voltages and currents the 
meter may be used with transformers. 
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High-Tension Alternating'-Current Meters 

Tile genonil method adopted for measuring f^IectTical energy in 
I higii-tensiou cireuita is to employ a atatic transformer to reduce the 





high pressure to a low one, aud then use an ordinary low-voltage 

electricity meter. 







The Electrical Co., London, however, supply high - tension 
alternating-current meters, which differ from the ordinary types 
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in bemg insulated throughout vdth mica, and more especially ia 
the use of the so-called high-tension choking coils, wliich are 
placed in tlie »hunt circuit of the meter and dissipate the saper- 
fluous voltage. 

The covers of the meters are earthed, and in this way all risk 
from shock is avoided. 

The above method has the advantage of being independiait of 
the lag between current and voltage met with in the trausfonnef 
used in other cases, and also of the transfoiUiation ratio, and wtiild 
it Is better and more accurate, it is at tlie sumo time simpler. 

Figs. 334 and 335 show the internal and external appearance of 
tliese high-tension choking coils, which merely consist of two coiIb 
of fine well -insula ted wire "wound on the two limbs of a well- 
laminated closed magnetic circuit, This arrangement is clearly 
indicated iu fig. 334. 

In the case of polyphase circuits, the energy conBumed in tiro- 
phase three-wire systems is obtained, as indicated iu 6g. 336, tij 
the use of two ordinary altei-nating-cun'ent meters, when the sum 
of their readings gives the total energy. 

The Hookham Alternating-Current Electricity MbUk-^M 
(Square Pattern) ^M 

The present meter, made by Messrs. Chamberlain & Hookham 
of Birmingham, is a combination of an electric motor, founded oa 
the well-known experiments of Pi-ofessor Ferraris, with an electric 
brake; and is therefore, in principle, merely an extensioa of the 
method described and claimed by Mr. Hookham's earlier patentt, 
though, in order to obtain a very simple form of meter, and to 
ensure pennanence in the magnet supplying the brake, new modi- 
fications have been introduced. 

Immediately on the publication of Professor Ferraris' results, it 
was recognized that such a form of motor was peculiarly adaptel 
to meter construction. As is now well known, he succeeded in pro- 
ducing the motion of a solid body by means of currents produced 
in that body by induction; thus avoiding the necessity for actual 
contact of any kind with the moving part for the purposes of con- 
veying cun-eut to that part. By this means the prime difficulty of 
motor meters, the eflect of friction at small loads, is almost eutinlj 
_ overcome. 




The present meter, depicted in fig. 337. with door removed so 
OS to show the interior, can be made to consume less tlian 2 watts 
in tJie shunt cireuit; while the full of potential at full load is 
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practically nil. It conaista (figs. 337-339) of an aluminium disc 
rotating upon a vertical spindle B, which runs in a jewelled hee 
ing c. The disc a is driven by the magnet D, wound upon which. 

a fine-wire coil e, wliich is connected as a shunt across the i 




and gives a field varying with the E.M.F. Between the h 
polea of the magnet D and the disc A are two flat spiral coils i^^^i 
which carry the current whicli it is desired to measure. The fi ^elu 
produced by the coils FF, and that produced by the coil E, ai-e d^"^ 
of phase, so producing a. continuous rotation of the disc. The up^^^' 




poles GO, of the magnet d, are adjustable, and either may be 

or lowered for tlie sake of correcting slight irregularities in fc*-* 

curve of the meter. 

The coils above described are connected to the circuit by th*"** 
terminals mai'ked s, M, and L. One end of the coil E is connec***' 
through s to one of the main circuit wires, and its other end *" 
The other main wire is connected to terminal M, a-va 
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the wire carrying the current to the lamps is connected to t*nninal 
L. A fuse I is interposed in circuit of coil E. 

All parts of the meter are mounted upon a slate base which is 
fixed inside the east-iron box, and ia itself further insulated from 
tho box by means of ebonite bushes and supports. 

During transit, the armature is raised off its jewel bearing by 
means of a lever beneath it. This lever is actuated by a milled- 
beati Bci'ew depending below the front edge of the disc. The lever 
should be lowered as far as it will go, after the meter has been 
fixed. The screw can easily be reached by the linger and thumb 
inserted on opposite sides of the bar which crosses the lower open- 
ing in the cover; the cover need not, therefore, be opened for this 
purpose. 

This meter has the advantage of poaaessing only one moving 
part, and of having no mercury, no commutator, and no moving 
contact or clock-work. 

It is an energy meter, reading direct in Board of Ti-ade units, 
and has brake magnets that are quite permanent. The fall of 
potential at full load is so small as not to appreciably affect the 
lamps, while the consumption of energy in the shunt magnet ia 
negligibly small. 

The meter is only suitable for non-inductive circuits, such as 
lamps, but can be made so for inductive ones, when desired, by 
slight alteration. It is not independent of the periodicity of the 
current. 



The Hookham Alternating-Current Electricity Meter 
(Round Pattern) 

This is only a variety on the square-pattern alteniating-current 
meter just described, to which it is similar both in principle and 
construction. Like the pattern above mentioned, it is suitable for 
measuring the current supplied to electric incandescent lamps, i.e. 
non-inductive circuits, but will not correctly record that supplied 
to arc lamps or motor, i.e. inductive circuits. It possesses all the 
advantages of the square pattern, and, like that, is dependent on 
the periodicity of the curi-eut. 

Fig, 340 illustrates the inside view taken from the back. 

The armature m and the worm which diives the wonn-wheel 
,|Uid counting train, arc carried by a vertical spindle running between 
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the top and bottom jewelled centre-screws (see fig. 340), The shunt 
coil is seen on the extreme right-hand side, and the series coil, 
which produces the rotating field that drives the armature H, on 
one pole of the electro-magnet. A small piece of sheet-iron K will 





usually be found attached to one of the four screwa— this in foc 
neutralizing any tendency of Uie meter to run one way or the 
other, when the shunt winding only has curreut passing through it. 
Its effect is regulated by using a larger or smaller one, as may be 
necessary, and by bending it closer to or further from the armature. 
It ia put on the back or fi*ont of the meter, as may be required. 

A lever not seen in tig. 340 holds the armatui'e M up against the 
pole-pieces during transit, and releases it by unscrewing the 




^Bbcrew head o as far as it will go. Fig. 341 illuHtrates the general ] 
^Ksotsid^ appearance of the meter as iixed for working. 



The Aron Electricity Meter 



The original form of meter, due to Dr. Aran, and made by thai 
Oeneral Electric Co., London, has, up to within tha last three or! 
four yeai-s, bc-en used commercially to some considei-able extent.!" 
The meter, as now made, is a much -improved form, and has been I 
approvetl by the Boai-d of Trade for both direct and alternating! 
currents, to eitlier of which it is equally applicable. 

This new and improved form of Aixm meter is illustrated i 
fig. 34-2, with cover removed to show the internal construction, am 
^_ in fig. 343 witli cover on to show the general outside appearance.'l 
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The size has now been reduced to 15J X 7i X 6? inches, which- 
much smaller than the original tomi. The meter is construct- 
on the well-known and tried principle, viz. the inflnence of 
current upon the swinging pendulum. 

In the new form, both pendulums are subject to the influence C 
the current, and the difference between the two ia regietered on tb- 
dials. This meter belongs to the clafls o£ instrument in whic^^ 





Fig. stf,— Exterior of Aran lletcr 

clocks are affected, and is self-starting, aa soon as the requisite 
voltage has been applied to the terminals, with the smallest 
appreciable current, i.e. a 1000-ampere meter registering the energy 
used in an 8-candlo-power lamp. 

It can be used either as a coulomb or energj- meter, reading 
direct in Board of Trade units, and is e<]ually accurate and pro- 
portionate throughout its entire range on either dii-ect or altemattng- 
current circuits, whether inductive or non-inductive. 

It h&a tlie further advantages of standing an overload of about 
50 per cent without injury; it is self-winding, and does not require 
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ttniZiDg, and it is unaffected by external magnetic field or j 
"fc>y variations of voltage. 

By the kind permission of the proprietors of The Electrical " 
.Engineer I am enabled to give a reprint of a risuvii of Dr. Area's 
;fjaper describing his new meter, which appeared in the issue of 
■July 9, 1897, and which is illustrated from the blocks appearing 
in the Elektroleckniscke Zeilschrifl. 

The new instrument (fig. 342) is essentially of the same principle 
as all electricity metera of the Aron type — that is to say, the 
influence of the current on the swinging pendulum is recorded. 
For about twelve years these instruments have done good service 
to the electrical industry, but they had the disadvantage that too 
much clock -work was used in them, and depended on, for accuracy. 
By introducing the differential counter about ten years ago, Dr. 
Aron eliminated many of the faults of the clock-work, such as 
the necessity of comparing the reading of the meter against the 
standard time. Nevertheless, the meter had other disadvantages 
in connection with the clock-work, which for practical pur- 
poses were often inconvenient; the clocks had to be wound up 
periodically, they had to be regulated, the pendulums had to be 
put in motion to start the clocks. All these disadvantages Iiave 
now been got rid of to such a degree that the Austrian Board 
of Trade (Kaiserlich-Koenigliche Normal-Aichuugs Commission) 
has passed this new type, and has declared these meters to i 
be portable after they liad been tested and sealed by the autho- 
rities. 

The principal differences between the new Aron meter and the 
old type are that the new metre is wound up electrically, has very 
small pendulums, and is therefore portable without the necessity of 
clamping them. It al.so starts itself when the necessary E.M,F, has 
been applied to the tenninals. It has a synchronizing arrangement, 
and measures concctly even when the two pendulums are not 
regulated and in aUsolute synchronism. 

Theory. — The short and liglit pendulums used in this new meter , 
are about 4 inches long, and make about 12,000 single oscillations 
per hour. They ai'o so sensitive under the influence of current tliat I 
eacli of them at full load shows a difference of about 2500 oscilla- I 
tions per hour. I 

^> With so largo variations of the period of the pendulums the 1 
^Bnadratic member of the formula developed in the theory of the J 
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To elimiuate the quadi-atic meniber both pendulums are i 
flueuced in the reverse direction. Then we have the differa 
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^M iuBtrument is objectionable, and the meter would not record 

H within the whole I'ange. 

^B Thus, if n be the normal number of oscillations, N the 

^M number, J the intensity of the current, c a constant, then 

I flue 

■ the 



'= "0^2^-^c=)-"0- 



id") 



ec'. 



hence 1*1 - 



therefore N, — N,; is exactly proportional to J. 

As each pendulum goes alternately forward or backward,"! 

quadratic member of ti» 




la Meter— SI-lc Elev«tli 



fluences. If any undue influence 

by teiTestria! magnetism — it will act equally 

works and make both of them equally deviate from the 



formula is eliminated dur 
ing the whole period of one 
reversal. This is the ca« 
practically in the three-wire. 
five-wire, and multjpbase- 
current meters, where each 
pendulum is used for each 
circuit With the two-wire 
meters both pendulums are 
influenced by the same cir- 
cuit, and so the sensibili^ 
is doubled. 

Another advantage ob- 
tained by using two pen- 
dulums of nearly the aanu 
periodicity is this : llat 
tJie shunt coils of the psi- 
dulums being provided witi 
the same number of tutiK 
and receiving the cumnt 
in the same directicm, art 
astatic against external in- 
being exeicised — for instance, 
both dock- 
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time. No difference will 
accordingly be indicated 
on the diffei-ential dial. 

Descripi to n of tlis 
Clock -tmrk.— The move- 
ment (figs. 344, 345, and 
346) coasists of two 
clock-works with escape- 
inent-wheel and pendu- 
lum, which are connected 
to a third wheel train, 
the differential counter 
(qq. V,. ),v fc,) giving 
the difference of their 
movements. A wecond 
stronger- built differential 
gear serves to transmit 
the common driving 
power to both wheel 
trains in such a mtinner 
as to allow to each of 
the two clock - works, 
motion independent of 

ejich other. The motive power of the driving mechanism is tiTina- 
mitt«d to the axis, q, by a spiral spring in such a manner as to 
allow it to rotate only 
in one direction. This [?| 

spiral spring at the same *^^ •-> :^SS^ 

time serves to drive the 
clock-work during the 
small period in which the 
clock is being wound up. 

The vertically -mount- 
ed shaft or axis q car- 
ries the loosely-mounted 
planet-wheel 6^, which 

is in gear with the two "*"°~"°wn^i.H'.ut™r'"™" 

ci-uwn- wheels /j and f^. 
As soon as the shaft is in rotation, the planet-wheel b.^ 
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and impart motion to the crown-wheels /, ■ 



ill turn 
1 j\. As long aa 
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these two crown-wheels continue to run with eqtml speed, the 
planet-wheel b„ will not turn on its own shaft Now if the spetd 
is varied, the planet -wheel 6^ will commence roJling along die 
cylindrical gear of Uat 
crown - wheel which a 
running slower thau the 
other. So both crown- 
wheels are at any tiiw 
under the influence of 
the same driving powa 
without their various 
speeds being disturbed. 
Each crown-wheel is 
geared with a clock train 
and escapement t',, with 
two pendulums provitied 
with palett«s, &c., ou 
lovers ot the Graham 
type. In order that the 
direction of rotation ul 
the two trains may, in 
spite of the commoo 
driver, be in oppceite 
directions, the right tron 
escapement is connected 
directly, while the left 
escapement is driven through an idle axle i^ to change the direc- 
tion of rotation. The rotation ot the axle of the central bevd- 




wheel 3;, then gives, as i 



?i^ 



w«ll known, the difference between tlw 
period of the two pendulums. Of the 
two sets of crown-wheels, the axle of 
the upper sets k rotates in proportion 
to the sum of the oscillations of tht 
two pendulums. On the other hand, the 
axle g of the lower set of ciown-wheels 
rotates in proportion to the difference 
of the number of oscillations of each pendulum. The lower axle 
drives the counting gear. The pendulums are rigidly fixed to the 
axle /^ of the two anchors carrying palettes. The pendulums an 
each provided with a shunt «oil at their lower ends, which act u 
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weights. Two connections to each of these coila are made by two 
loops of thin insulated copper wire from the contacts N. 

Two regulating weights «ij are shown, one on each pendulum, 
in the illustration (fig. 346), but a single weight has been found to 
be sufficient. 
[ Reversing Apparatus. — The next part of the apparatus to be 

I described has for its object the correction of any fault due to small 
d^^ation of the natural period of either pendulum, To do this, the 
*3*»:-ection of the shunt current in the pendulum coils is reversed at 
stated intervals, and at the same time the gear driving the counter 
Is xeversed so that the record may be continuous in direction. In 
th^ia way a fault which is acting in one direction, say, to register 



I « l^^i-irfTne^'.74J^pn 
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'too much in the iirst period, after reversal acta in the opposite 
^iircction and registers too little in the second period. The ap- 
paratus for eti'ectiug this change can be seen in figs. 347, 348, 349, 
and 350. The large wheel h is caused to rotate by the clock-work 
once in about twenty minutes. During its revolution it winds up 
the spring I. At the end of the i-evolution the trigger n lifts the 
lever v, which is on the same axis as the locking lever r. This 
being lifted allows the axis s to fly round through 360°. This 
axis being geared to the commutator x moves it round through 180°, 
anti reverses all the shunt connections. At the same time the 
eccentric a on the end of the commutator axle, acting on the lever 
b, revei-ses tlie mechanical connection between the differential clock- 
work and the counting gear. The direction of ixitation only is 
reversed, and this is done by means of the bevel-wheels c„ e^, which 
slide on a Blee\e, so that one or other only of the wheels is in gear. 
The Winding Ocar. — The winding-up gear for the clock-work 
is shown in tigs. 351 and 352. It consists of a horse-shoe magneb 
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«, with poles shaped so as to permit of the armature revolving 
within them. In this way a large range of motion can be easily 
given to the armature. Inside the armature b is placed a small 
watch-spring g, which is wotind up about once every thirty seconds. 
The arrangement of pawls and clicks can be seen from the two 
illustrations. Attached to the armature is a contact y, which is 
connected through x by the spring r to the shunt coil on the mag- 
net. The contact y engages with a little throw-over switch e which 





fig. Ui,— AroD McUr— ?rDDt Blentlon d( Wludipg 



. g6E.-ArDn Meter— 
BlevitloD uf Winding 
ud Eleotro-Motor 



rotates round an axis i. The position of this switch is partl^ 
controlled by a spiral spring Tit, which makes it rest either on 004 
side or the other of a given centre Hne, 

Wlien the clock runs down, the armature b slowly revolves 
away from the pol&s, the contact y being against the insulated! 
spring Ic. At a cei'tain point the spiral spring m gets over th« 
centre and reverses the switch, and contact between y and I is then. 
made. This energizes the magnet coils, and the armature again 
winds up the clock. The contact is a rubbing one, tending to keeg 
itself clean, and the breaking point is not at the same part wherr: 
the circuit is made. 

The ordinary connections of the meter are shown in fig. 3€j 
which is for a two-wire system. The two current coils s s are cc^ 
nected in series with the lamps to be supplied. The shimt coil^^ 
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/ are also in series, and a. large extemal resistance R is also placed in 
this circuit, so that the energy taken by the meter is small. This 
is from one to two watts, according to the size of the meter. The 
connection o is removed when a number of these meters are to bo 
tested, and the current coils then can all be connected in series and 
the shunts in parallel. ■ 

The meter is equally applicable to direct and alternate curreni J 
^vorkJDg, The special advantage of the meter for the alternate- 
current circuit is that it in a watt- 
'lieter, and is independent of the 
JJeriodicity of the supply, and also 
of any difference of phase there 
iia-y be between the current and 
ttie E.M.F. In other words, the 
m^ter measui'es true power. The 
l-^a-gnet of the winding-up gear 
•"eriuires to be an-anged to suit the 
ti'Gfjueijcy, but this is without any 
influence on the measuring parts of 
t'txe meter. The meter is extremely 
seiasitive, being affected by exceed- 
ingly small currentB, and measures 
coT-rectly within the whole range 
'I'oiii zero to the full load. The 
moter has also the advantage over 
^"^me other types of having no per- 
manent magnets, and it is indepen- "^- '^ ;fT»llw™t^r "'"^ 
*le»it of frictional losses such as aro 

*c>Viiid in motor meters. The influence of a change in temperature 
*^ also corrected, and is found to be inappreciable. 

The meters are calibrated to read direct in Board of Trade units, 
^lid they are available for use on any system of dJatriljution. 




The Aron Day and Nlg-ht Load Electricity Meter 

This instrument, devised by Dr. Avon and supplied by the ] 

^^neral Electric Co., London, has been designed so that during th©J 

t*^»iod of maximum load of the central genomting station, con-r 

**'^tnei-8 may be charged at a higher rate than during the light-loi 

--^^^riod in the daytime. Fig. 354 shows the meter with both dooi*1 
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open. It consista of an ordinary improved form of meter audi 
as that just described, to which is joined an electrically-driven 
clock (oil the left-hand Bide), both being self-contained in one case 
as seen. The electric clock ia of the pendulum type, and can be 
synchi-onized to work con'ectly to within tw^o or thi-ee minutes per 
month. It has sufficient reserve power, so that even i£ the enrrwit 
is Bwitched oft', the clock will work for a perioJ of two or three 




days. This electrically-driven clock is so an-anged that by metUi 
of adjusting the hands on the separate dials, a lever is op&nieii 
at any two periods within twenty-four hours. This lever pub 
into gear the motion wheels of either set of dials, according to th* 
period at which it has been set Tlie meter has the great advan- 
tage that the current is never interrupted even when change of 
rate is made, the motion gear of the dials only being altered, and 
the current consumed registered on the day or night loads as the 
case may be. A further advantage ia that the consumer can at 
any time see at which rate he ia being charged, and also what 
current is being consumed at each rate. 



F 
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Direct-Current Time-Check Meter 



This instrument, made by the Electrical Co., London, though 
^ot an electricity meter in the ordinaiy sense of the woi-d, is, under 
ctirtain conditions, made to do the duty of one, and registers the 
'*-<*v.TS of tm-pply. The principle on which it works will be under- 
'Stood from the diagrammatic view of the arrangement shown in 
*ig8. 355 and 356. It conBiste of an electro -magnet, t!ie coil of 
"^fti'hich may be either series wound with thick wire, and connected 
in series with one main, 




W 



<y 



(Circuit CloHd) 



1 



or shunt wound with fine 
wire, and connected across 
the mains. The former 
being the aiTangeinent 
illusti-ated. 

The poles of this elec- 
tro-magnet actuate a soft- 
iron armature pivoted to 
one of them, and carrying 
a spring strip on an exten- 
sion. This strip controls 
the balance - wheel of a 
clock. Hence time-checks are clocks actuated by means of an 
electro- magnet, when a certain predetermined sti-ong current is 
parsed thi'ough the windings, but it is otherwise mechanically 
prevented from going. When the apparatus is switched into 
circuit, the clock -work starts, and only stops on the circuit being 
broken. The time-check thus indicates the number of horn's 
during which current haa been flowing in the circuit. When once 
the armature of the electro-magnet has been attracted and tlie 
clock-work released, any alteration in the strength of the current 
will not affect the working of the time-check, which only measures 
the duration of the flow of ciurent and not the cun-ent strength. 
The balance of the clock mechanism is arrested by means of a 
spring attached to the armature. The tension of the spring is 
such that at about one-tenth of the maximum load for which the 
meter i« made the spring is pulled back by the electi'o-mngiiet o£ 
tiie clock, the catch released, and the' clock-work set in motion. 

Fig. 355 shows the main circuit open and the clock stopped, 
vhile fig. 356 shows the circuit closed and the clock released. It 
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has been found that for the o[}eratioii of the time-checks the best 
relation between the startiiig and maximum current should bo 
1 to 10; t.g., a time-check tor a maximum of 10 amperes should be 
started with 1 ampere; further, that a time-check starting wiUi 
03 ampere should not be used for a higher current than 3 amperes. 
They are employed as controlling instruments for the current 
taken by a consumer from electricity works, and principally in 
caaes where the couHumption is very approximately a constant one, 
HO that it is sufficient to know the length of time of taking cuiTent 
in order to obtain the amount chargeable; e.ij., two 9-ampere arc 
louipij. in seriL's, on a 110-volt circuit would consume constantly in 





MeUr lextciior) 



round numbers 1 kilowatt. HaMng then detei mined by means of 
the time-check, the number of hours the lamps ha\e been burning, 
the consumer can be told at once the numbei of kilowatt hoars he 
hafi to pay for. In the same way the timt check ma^ be used with 
advantage for measuring the energy consumption in the case of 
heating apparatus, for wliich, as a rule, special cheap rates art 
charged. In other ca-^es where the consumption \e not a constant 
one, e.g. in small light installations, in which sometimes all the 
lamps installed, and at other times only a portion are burning, by 
aiTanging with the consumer to regard as constant a certain mean 
load, one can fix the energy consumption by means of the time- 
check. 

Fig. 357 shows the internal view of one of these time-checks 
with back plate removed ; while fig. 358 indicates the general 
appearance of the instrument in tlie front. 

Small electricity works, which are unable to spend large smrs 
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I of money for watt-hour meters, will fiiad thia class of meter, even if 
it were only to give an approximate indication of the current used 
by the consumer, better than resorting to contract prices. For 
installations in which the current consumption varies between large 
limits, a special modification of the instrument is used, termed a 
"maximum current time-check". It is used in connection with the 
supply of current imder contract on condition that the consumer 
does not exceed a certain limit. The function of the instrument is 
to give the length of time the consumption has exceeded the con- 
tract limit, and the clock-work is only released and free to work 
when a current flows through the winding of the electi'o-magnet in 
excess o£ the maximum current agreed upon. 



kThe Aron Electric Time-Check 
I In small electric light systems, where the available capital will 
not adroit of the somewhat heavy exjwnditure entailed in the use 
of the ordinary energy or coulomb met«i-a, it is customary to chai-ge 




?ig. SSB.-Aron Blectrlc Time Ch«* Meter 



for the supply by contract at the rate of so much per annum per 
lamp. This is on the understanding that the lami>s shall not be 
used more than a certain numlier of hours, except ui cases where 
fogs oi-der otherwise. lu many ca.se8, however, such a system is 



I 
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unsatisfactory, as customers often tjucroacli through carelessness ou 
the agreement, using the lamps for much longer jieriods than stipu- 
lated. In such cases it is far better to use an electric time-check, 
and fig. 359 shows the Aron tj'pe of this kind of iastruuic-tit with 
door open, as supplied by the General Electric Co., London. 

It records the total nimiber of lumra during which cuiTent is 
used, and consists of an ordinaiy clock with a non-magnetic main- 
spring. The balance-wheel of the clock is conti-olled by an electro- 
magnet energized by the supply to be timed. When the supply is 
started, the annatiu^ of the electro-magnet draws a spring oflF the 
balance-wheel, thus releasing and causing tlie clock to record the 
hours. When the supply ceases, the armature again engages the 
balance-wheel and stops the clock. The action is similar to that 
depicted on p. 319, and the electro-magnet may be shunt or eeriea 
■wound for connecting across or in series with the mains. This 
Aron time-check or hour meter is adaptable to any method of dis- 
tributiou, whether for direct or alternating current, at voltages up 
to 250. 




APPENDIX 



There are a few instruments whicli do not come quit* within 
tlie scope and object of this work, but which act on very interesting 
principles, a knowledge of which may therefore prove instructive. 

The following are references to the descriptions of these: — 

Ajrton aud Matber'a "Moving-Coil Ammeter". Descliaiiel'H NatvraC 

P/iilotnphff, Piul iii, p. 141. 
Swinburne's Electro-atatic Yoltmeter (Holt'a Patent). MnyiMidc'E EUitrie 

lAghting and Poatr DUtriliutian, Vol. i. 
Switiburue's " N " type safatic Voltraeteta and Ammetera. Ditto. 
„ " U " type Inductor „ „ „ Ditto. 

Piiterson and Cooper'a " Phtenix " Amoietera and Voltmetere, Ditto. 
The Walsall Ammeters and Voltmetei'a. Ditto. 
Swinburne Wattmeter Amuietere and Voltmeters. Ditto. 
Ayrton and Perry's Twisted-Strip Araineteru and VoltTnetere. Ditto. 
Ayrtoii aud Perry's Hot-Wire Ammeters and Voltnieterai Slings & Brooker's 

„ „ Magnifyiug-Spring Ammeters and > ElectrietU Engin- 

Vollmetera ) eerijig. 

Morde/a A Iteroaling- Current Wattmeter. Jour. I. E. E., Vol. xxk, No. 

149, p. .184. 
Holden's Watt-Hoiir Meter. Jour. I. E. £, Vol. xxx. No. 151, p. 914. 
Everaheil's Frictiouless Motor Meter. Jour. I. E. E., Vol. siix. No. 146, p. 

743. 



^^^^^ ^^^M 


'■AgBing-ofmagDrti^a). 100. 


Aron time-cbeck meter, 32L 


Air-dsmping da™™, 31, 36. 


Astatic moving-coil pennDment-ma^et »o1t- 


Air-friction coDtnil. S. 


InBter, 60. 








Ayrton k MWher'i atUtic monne-wiil per- 


priDciiilo of. SO. 


mRnent-magnet Toltmeltr, 60. 




high-tennoii electro-static ToltnietCT, 


— , Elcatricid Co.'s olectro-magoetio moriog- 


coil. 79. 




^ — . Electrical Co.'s maviDg-onl pennaDcnt- 
^L DUtfoet. Bl. 


143. 






H 


_, electric, 183. 


^H — , Hartmnnn & Bmun moirJn((-coil perma- 


Baatian electricitv meter. 205. 

— electrolytic effeol, 208. 

Brake on Weston moving-coil voltmoter. SI. 


■ _. hnC-wire.'^rtiDUin k Bnun's. 137. 


^1 — . indiictiaD, Eloctricul Co. '*, 112, 




r — ■ — . Fo"™"^. "8. 






calor. 235. 


— . ■■N.C.S." nio»iQg-coil pemuraent-maB- 


Campbell's frc^jnency teller, 137. 

Omfews hot-wire voltmeter (low-rtiuluig 


Det,»9. 




fora). 132. 




(ordinary form). 125. 


177. 




-.-, Harrimu'B. 180. 




— , -, Holdon, 176. 




-. — , Kelvin. 170. 


- electricity meter. 2I>2. 




' 9i. "^ ^ 




meter. 299. 
Clark ceU, 190. 
Coil., 9. 




net. 110. 


Composite balance, Kolria'a, ISS. 


— . Wwton urc-lomp, 106. 






Atkiii«.n.', 20. 
— . . Custle, fit 


coefficient). 13. 


— , . noUro, H. 


-.--. ■■E,E.O."Um™n«l,27. 




_, , EvBished, 33. 


copper, sulphur, and oxygen), 212. 


— . , H.i™on, Sa 




— , , HurtiiuMin k Broun, 50. 


Coulomb melerB. 4. Ml. 


_, . Holden, Drake, k Gorhmii. 41. 


Creepine or magnetic lag, 8. 19. 


-. - -. Kramer J: 0^\ 2S. 


_. . Miller's, 49. 


Currents, ho* monaured. 193. 


— ."N.C.a.",37. 




— . , pocket form, 23. 

_, . SehuoVert, 53. 




Curres showing oompenaatiDn for Tarvttioil 
of temperature. 226. 


_. . Siemeia', 31. 


_. . suuiley, 45. 


— of temperaWro error. 236. 


— . , ■'Violorj.-, 58. 


-, time, of demand indicator, 237. 


Ampere khubo. KoMu. 2*. 


Damping devicei). See Dtod-bial or aprrioJie 


Aiipftrepl power, 153. 


d,Aa. "^ 


Appendii. 323. 


D'Anunvnl Kalvanometer. Ift. 


Aron electricity clock meUr, 309. 


meter and ammiiter, 34. 


(daj and uight loud form), 317- 


L. 


- 



DbtIos' voltmeter, bencli torn, 91. 
Dead-beat or aperiodic devices. 23, 25, 28. 

al, 3«, 40. flO, 73, 77, 61, 92, 104, 108, 

110. 137. 14(L 
Demand indicator, ahuotad type ot, 23S. 

, apeciol uses »f Wrighl'B, 242. 

— — . Wrighf« tbonnal, 233, 
Doliio ammeUra and roltmeten. 44. 
Driving force in moton, 204, 273. 
Dfoamoraeler instruments, moTing-cnil, 19. 



EurtL-renstanee indicator, Stanley, 199. 
l':.idy currente, 38, 112, 165, 278. 
ICleewise iustruniente, 105. 
Edison'i electrolytic idectricitj meten. 209. 
'-E,E.C." amrnutors and loltmeteTB ol 

Ererett. Bdgcumbe ft Cu„ 27. 
Eflecti of an oloclrie current (electro-mog- 



, moving-coil dynnmometer ommetsr, 

79. 

~ ' '"nXn'7T *™°™^ 

ammeter oniTvciltmoter, 91. 

. moring-ooil wattmoler, \69. 

-, neutral uoint renistance for ioatra- 

ments, 166. 
, recording induction wotttneter, 

181. 
Electrical Co.'i motor elaotricitj meter, 293, 

399. 
niotor electricity meter Ibigli teonon), 

SOS, 

oscillating electricity niet«r, 250, 

time^heck meter. 319. 

~ piinor, AyHtcniH of distribution in use, 301. 

Eloetricily meters, 4,201, 

Electricity Buuply maters — ounlities needed 

for commercial ■uccan, 201 

— — — , Aron clook, 309. 

. AroD day and night load clock, 317. 

, Aron (imo chock. 321. 

— , BaaWan electrolytic, 2(B. 

, Ediwia electrolytio. 309, 

, Electrical Co, m induction motor, 

293,280. 
, Bectrical Co.'e induction motor 

(high tension), 303. 

, Electrical Co. 'a oscillating, 2S0. 

— , eleotmWtic. 203-204. 

— — — , Ferranfl motor, 2S8. 
, Fenrnris induction motor. 269. 

— ~ —, general remark* and classifloatlon. 

201. 

, Hookham induction motor, 304, 307- 

, Hookham motor, 261, 265. 

, Keliin's periodic in t4irBlin^, 247. 

— — — , Long-Sohnttnar electrolytic pre- 



, Scnaflenborgcr motor, S 

, Schattnerdeotrolytiosti 

, Siemens' periodic intog 

, Themial (Forbes), 202. 

, Thomiou motor, 271. 



Eloctricity supply meten. Vulcan motor. ' 

, VnlcBU propaJTnont motor, 283 

, WeatioKhoUBo induction motor, 

, Wrighf s eleotrolylie. 221. 

Electro-dynamometer, law of Siemens', 6 
— . Siemens' moving-coil, 61. 
Electrolyte, "«geinB"of, 208. 
ElectrolytiL- cell ot Wright meter. 222. 
— electricity mctcni. BoatinD, 205. 



slandard. 218. 

, Wrights, 221. 

Electro-magnetic control, S. 

— effect, 2, 

— wattmeters, 153. 
Elcatro-magnets, 10. 
Electro-Static otfect. 2, 

— instruiuenta — Ayiton i Matlicr's bigb- 

tension vollmoler. 139. 

— — . Ayrton k Mather's lov-tenaon volt- 

meter. 143, 

, Kelvin muhieellularToltmetor, 144,149. 

, the theory of, 124, 

— — , Voysoy k Wilson's ammeter, 150. 
Energy waile in instruments, 14, 203, 355, 

^2-283, 297. 
Erg meters or energy meters, 4, 201. 
Error curve, Bostian electrolytio meter, 207. 

, , lai^ ty|e ascillatiDg meter. 255. 

. Sohttttner etimdard meter, 221. 

, small type oscillating meter, 253. 

, Wright meter at light loads. 226. 

^ _^ — — at ordinai7 toads, 227. 

— , frictionol. 150, 

-^, heating, ahaence of, 131. 

— . — method of diminishing. 14, 

-. souroea at. 12, 18, 163-154. 

"Eureka" {a psteut alloy liaving a high 

specific resistance and extremely small 

temperature cooflitiient), 13. 
Everett. Edgcumhe Ji Co.'sC E.E.C") watl- 

— recordiDgnmmetersand valtmolert. 



Forces, controlling, fi. 

— . deHccting, 90. 

Foucault current, damping, S, SO, 94. 100, 

105, 112, 114, 13«, S73. 
Frequency teller. CampheD'a. 107. 
Fuse for Cardew voltmeter, 130, 

Galvanometer, D' Arson val, 84. 



Of 60 percent o( 
eIdc, 14 per cunt of iii 
speciflo rosistsncu ani 
ture coefficient), 127. 
Gravity oootrul, 6, CO, 60, 
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neten BDii Toltmetera. 30. 



mmetflrB Bod Tolt- 

,W. 

, hot-wire TDllmeUr, lUt. 

, tnoTiDg'. ooil psmunent- niagttet MD- 

melcFn iind ToltmeMra. 108. 
Bottlns effect of a ciimut. 2. 
RiKh-t«raiao chokiiu: coil*, 303. 
Huidan, Dnke. It UorbsiB, Bmmeten and 

Ktllmoten. 41. 
Holdc&'i recoriinff tua- and ToltmeterB^ 173. 



Houkbam elaclricit; motor 

outrait). 391. %5. 
— induotion electrii'ily mofc 
Hot-wire ammelsr. Uiirtini 
-, Holdeti recording. V, 



iter (direct- 
3M,307. 



HOD k Bnnn. 13*. 

, Holilen reoording. 175. 

(low-rmdiog: fomil. Curden'a, 1S£ 

(oi^nar^ [am I, Canlcw'a, 125. 

BfEiOMWpio lii^uidBii.r. liiiuidsniiiDhratridly 



Hr>u 



38, 43. 60, 58. 



Ill uminatsd -dial inBtniduniti. Wuston's, 
Indioat^r. uhs of WriglitV •IsttwDd. 243 
~ Wri^hfa thennal demaud. 233. 
Iivluotion nmniotera and Toltaetora. I 

tricaiCo.'., 112. 
, Ferraria, 118. 



— ia pBrnuinont-magnet ioatrunients, 90. 

— iuitr-imenlJi, 2a 

— phuemeCer, Klmtrioal Co.'n, 1B4. 

— recording i>nttnieU<r. BlectHoal Co. 'a, 181. 

— wattmeter, Rlijotrical (.'o.'b, 165, 
Inducton of Ayrtun Ic Mulher eleotro-itatic 

Toltmeter, 141. 
Instniments. clnssSoation of, 3. 
— , electro-rtAtic, 124. 

— hot-Tire, 123. 

— DiiMeilatieous, 183. 
Integrating meten, 5, 202. 



-, multiceUulnr electro-atatic Toltmotcr, 

144, 119. 
-, niultieoilular eloctro-alatio Toltmaler 

multiplier, 147. 
-, periodic integrating electricitj clock- 



^^l 



■, pomittnent-inagiiBt moving-coil record- 

-, recording acnnieters and loltmeten, 

170, 
-, RtAadiLrd Cflati-ampere balanoDa, IS6. 
-, atandHrd conipoclto balancen, 1S9. 
-, Btandard electrio fanlnnceH. 183. 
■ three.phaie vattmetcr. 160. 



IfWlurlar pateot nasnctia ■bieM. 47. 

Magnetic lag or croepiiiiC. 8, 19, 106. 167,170. 

Magnetic Welding. 8. 3-J. 47. S% lOl 

Hagneta, aKtalicaltV^rrai 

-. alof tro-, 10 

'^Uangaoin " (a patent _ ^ 

84 per cent capper. 12 per coat nickel. 

and 4 perc>qit mangiuwae, hariiig ■ hi^ 

peratnra eoellicieni), 13. SI. 
Meaaurement. braocbac of. 3. 
Mechanical or air-fnction coDtnhl. S. 
Uercuroui nitnts (a chauca] ttmftmi 

baling the compoMtion HgNC^ i>t. 

eompoaad of mereutr, ttitroftiNi, taA 

oiyjreni, aai. ^ 

Metal auspensiun, toraiuD of, 6. 
Meten, electricity lupplf, -— - 



, Aron dnjr and night load clock. 317. 

. Bsstian eleetmljtie, 205. 

. Ediion eleotnilytic, SOS. 

, ElectricBl Co.'* hi^.tcnaioii tBOtcr. 



, Electrical Co. 'a oa«lUtii 

- -, Eleotrical Co.- " 
, F« 



ii^i 



^hodi, 319. 






-, Ht 



ikbam direct - current motur, 

1.265. 

motor, 304. 307. 
^rniitig, 347- 
itniljtje jaw- 



, Long 

payment, 211. 

, SchaJlenbcrgcr motor, 8B4. 

, Scbattnerelectrolyticatiuidard.SIS. 

, Siomena' poriodie inteKTatiiur, 24*. 

. Thomson motor, 271. 

, type* of, 202. 

, Vulcan motor, 279. 

, Vulcan prepayment motor, 283. 

, WeHWbouaeindDctioti tnotor, 2ISL 

, Wrigbt^e olectralytio, 221. 

-yi>ca of— electro-atatic, 123, «r as. 

- -, hot-wire, 123, M »•,- 
, induction type, 20. 

.moring-coJlilynamometertypcKI. 

, moTing-coil iieroiauent-mngnol, IP. 

- ~, moving-needle, 13. 
mica innilaCJon, 24, 

Miller's nrometersand Toltmetcra, 49. 

Miacellaneoiia inatrumenta, 1A3. 

UoriDg-coil dyniimoineter uiuuieter, Elee- 

■. P« . 

i', fll. 



Movinn-CDil peramnent-mognet unmeteruid 

voUmetor. Xiaviim', 84. 
, Eleotnenl Oj.'b.. Bl. 

— — , Jlftrtniftmi Jt Braun, 108. 

, K«i»iu rettonliug Toltnieter, 177. 

. "N.aa.", 99. 

— . 3i«niona'. 94. 

, SUuiley. 101. 

. " Viowry", 110. 

, Weston, 101. 

voltnietor. Ajrton k Hathw's, 60. 

— wntttBBter, EleclricBl Co.'«, 189. 

. Kverett, Edgciimbe i Co.'s. 160. 

. Kelvin cDKinu-nMiln, 157. 

, PiUTa, 168. 

. Siomeoe", 1S<. 



Power— tma and apparent, 163, 
Power factor, 283. 

" wiittmBtcr, Siemeng'. 

— , Vulcan mOHir, .laa. 

Propartiaa of an electric ourront, 2. 

Reactance, 171. 

Recording ammeten! and vollmctoTB, Ereralt, 

Edgoumbe, k Co.'«. 177. 

, Harrinon-B, 179-180. 

, HolJen'B. 173. 

, KeMn'a. 178. 

— gear of Eloctrical Co.'s electricity meter, 

2»9. 

b1Co,'8,1S 



, Weston, 15fi. 






, general remarks, 172, 


Berotlitig WriKht meter, 2M. 


Moviuft-nee'lle inatniments, 18. 


MulticcUular electro-static voltmeter. Eel- 


voltmeter, 32. 


vinXIW, 1». 


— , Cardew'i eitra non-inductive vollnieter, 


niiiltiplier, Kelvin-B, 117. 


130, 


Multiplier for Kelvin multicellular olectro- 


— ooils, 192. 


stntiu loltmoter, H7. 


— , earth-, indicator. Stanley, 199. 


Mutual induction in instruments, 103. 


~, Electrical Co.'s ueutral point, l«e, 196. 
— . Sicmona' extra adjuaUbie non-iuducMva 




"N.CS." (Nelder Bros, k ThompwiD) am- 


vultnieler, 68. 


laeten and rulUneters, 37. 






161. 


inetere,(l9. 




EdffewUe voltmeter, 39. 


ampere Wlance, 187, 


Needle initrumonla, moving-, 18. 


— extra nou-mdui:tiv6, 08. 




Retarding f,.rce in meters, &)<, 251. £60, Z73. 


Electrical Co.'s, 166, 196. 


Rheostat, 1H2, 







Parr*! diroct- reading moving-cc 



Pariodicity, nieaaurement of, 197. 
Parmanont-magnet control tyjio of ammeter 
and voltmeter. 48, 55. 
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Pha». angle of, 187, 170, IBE. 

PhaHmetur. Electrical Co. 'a in 

Pbospbor-bronie <an a 

percentage of phmpuurus |i per csaij, 
largely used where toughneaa and dura- 
bility are requiredl. 134. 160. 

Platinoid <a patent alloy connistW of 69 per 
cent copper. 25 per cent sine, 11 percent 
nickel, 3 per cent tungsten, having a 
high spcciKc reidstance and law tempera- 
ture coulHcient), 209. 231, 239. 

Platinum-diver (a patent alloy consiiUng of 
87 per cent of platinum and 83 per cunt 
of ailrcr, having a bigliapeciSa noi' 
and low temperatura ooofnoient), 
132. 

Pocket ammetera and voltmeters, S3. 

Potentiometer meaat 



Schattner etectrolytie electricity meter, 218. 
Scbucltett ammelem and vDlCmeten, 6S. 
Sector-ahaped inatniments, 40. 106. 
Seir-iaductiDO in instruments. 163. 
Shielding, magnetic, 8, 32, 47. 62 109. 
Shunla for inalrumonts. law-reeutance, 97. 

107. 110. 112,267-258. 
Siemeiia' umnieten and voltmetera, 31. 

— dynamometer wattmeter, 151. 
— . law of the, 166. 

— moving-coil electro-dynamometer. 61. 
.law of, 64. 

— periodio integrating electricity clock 
meter, 244. 

— "ProdsioQ" wattmeter. 161. 

— torsioDal rooving-moHncC voltmeter, 66. 
Silk-dbre gnspenaion, tonion of, 6. 
Solenoids. 9. 

— , alteration of field -ttrength, 10. 

Specific reaistaiice, 13. 

Spring control, adriuitagc of. 68. 

— controlling iotoe. 6, 

Fitandard electric lialances, Kelrin's, 183. 

— iaatrumoBls, 183. 
Btandardiilng Weston ammeter. 106. 
Rlanler ammel^ra and vultmetera, 45. 

— earih-njaiatance indicator, 199. 

— movin([-coil |iermnnenl-magnGt ammeter* 

and voltmeters, lOI, 
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ELECTHICAL SiEAST7RING INSTBUJIENTS 



ic acid i* MMnicol mitntance bkTii 
eonijHHitiou UiSCli, i-e. ci 

hydrogen, Biilphur. und oiygci 






;ure pooffioient, 13. 77. 

— ernin and bow corrected, 13. 
ThBrnulddnuinilindiDiitor, WHght'a, S 

— elootrioity meter. 202. 



Thres-ptiue wnttmoter. Kelvin, ISO. 
Time-Dhock meter. Aniu. 321. 
, Elwtrieal Co."«, 8W. 



Vottmeten, muring-cajl pcrmaiicnl-nutgnet, 
Daviea', 8*. 
--, Electrical C.<. 'a. 91. 

, Evanhed, U6. 

, Hitniiuuu k Braun, lOS. 

. •■N.C.S.". 96, 

-, , Sioouiu'. M. 

-. , , Stanley. lOL 

-, ■' Viototy ", 110. 
-, Weatoa, 101. 
-, multiplier, Kaliiu cdectm-itBtic, 147. 
-, Purr'* moTiug-coil dynamometor, 74. 
iwDrding, Eierett, Edgciimbe. li Co.'i, 



Turque(t< 

at vlil 

TurriuD coi 



— demand indi 
TraePo 



nn moment or foruo x radius 
clu), 204. 

moguct voltmeter, Siomana', 

peniatiiig device, IS. 
Iter. 2*2. 

t,Elactri<u]Co.'s,lls. 



Mn k Mather'a 
sr^itic. 13D. 
-. AyrtoQ k llatlier'a 



e Hlootro- 



-, Cardew'sbot-wireilow-nudinK form), 132. 

-. Cordew'a bot-wire (ordinary funn). 125. 

E3eotrioa1 Co. 't moving-iHiil dynsmumeter. 

', electrO'iDiignetic moTiiig-Deedlo, Atldn- 
■onit', 20. 

, '■Caatlo", 54. 

, Dolira. 44. 

, " B.E.C." iiiiiTerial, 27, 

, Ererahvd, 33. 

, Hurriaun, 30. 

, Hurtmano Jt Braun, 60. 

-, , Holden, Drake, k Oorlulu, 40. 

-, Kramer JiCu. '1,28, 
-, Miller's. 49. 
-. ■■N.C.8.", 37. 
-, pocket funn. 23. 
-. Schuokert, 53. 



-, laming IiGimin);ham'sdynamometer,6E 
', Hartmann k Braun's hot-wire, 131, 
-, beating error, 13. 
-, induction. Electrical Co.'i, 112. 

-, Ferrariis 118. 
. -, Wastinghousa, 120. 
; Kelvin multicetlnlar electro-static, 144 
149. 



177. 



I, 173. 



Viitcan electricity lupply motor meter, Z. _. 
- metor,«p6edofrolatioo,liowadjunBd,aS2. 
— prepayment electricity auppl* motor 

meter. 2S3. 
— , Weston's moniug-coil dynumoiDeter, 80. 

1,201. 



Watt.bDur m. 

Wattbai curr 

Wattmeters, alaiuBcalion, 4. 

n potypbMe cirt:i 



-, Electrioal Co."s 
I, 1S9. 



mo¥ing-uoil all«niating- 
inoTlng-coil. hUxintteiy 



-, Eleelrical L. 

form, 170. 

-, Electrical Co. 'a reoording induction, ISL 
-, electro, magnetic, 153. 
-, EvareCt, Edguumbe & Co.'s ("E.E.C."'), 

160. 
-, Ferraris induction, 120. 
-, Kelvin engine-rooni, 157. 
-. Kelvin throe- phaae, 160. 
-. Ui<r uf the Siemens' dyounometer, 1&6. 
-, non-induotive, Swinburne type of. 323. 
" rr'a dynunoroeter, ISS. 
imens dynamomalor, 1S4. 
imen^ ■'Precision", liJl. 
-, Weaton portable, ISO. 
Weatjnghouaa induction ammcteia uid toII- 

-.,120. 

ricity snpply ni 
WcatflU laboratory typo moviugHiod anlt- 

metor, 108. 
-moving-coil permanent-msgnet 'nmineten 

and voltmeters, 101. 
- portable moving-mul dynzimouicter volt- 



^■i: 



meter. 80. 

DrUble wattmeter, 156. 
.^hfs elaclrolylio ^eclricity met 
dermal demand indicator. 233. 
— , apecial use of, 212. 



Zinc sulphate (a chemical aubatanoe bavijiE 
the compoaition ZnSOi. i.e. cunaiitiilg <3 
line, snlpbur, and Oiygeu), 209. 



W 



% 



